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"Dissolving slowly into landscape" (Tacey, 1995). 
The Amphitheatre, an inselberg of Proterozoic Arunta Complex granite, outcropping east of 
Lake Lewis; view to the east with Mt Harris on the horizon. Ghost gums (Eucalyptus papuana) 
and spinifex (Triodia) at the base of the rock; Native fig (Figus platypoda), white cyprus-pine 
(Callitris columellaris) and cycads (Macrozamia macdonnellii) on the rock slopes. GR 
NAPPERBY 261478. 
ABSTRACT 
Research in Lake Lewis basin in central Australia has investigated the geology, 
geomorphology and hydro geology of this intermontane Cainozoic basin that overlies 
the Proterozoic Arunta Craton. The evolution of the area from before Tertiary basin 
inception to the present-day has been examined. 
Observations of the structural architecture of the basin have been integrated with models 
for intracratonic basin evolution, involving reactivation of ancient basement faults. Prior 
to basin inception, the Palaeozoic and Mesozoic landscape was a highly irregular 
topography of steep bedrock ranges, valleys and inselbergs. Analysis of geophysical and 
sedimentological data has enabled reconstruction of the patterns of Tertiary infill within 
the 200 m deep basin. Lacustrine sedimentation dominated the Palaeogene, infilling a 
deep structural trough north of the MacDonnell Ranges. Subsequent sedimentation 
during the Neogene involved accumulation of thick alluvial fan deposits over the basal 
clay, with the lacustrine depocentre moved northward to the present site of Lake Lewis. 
A drying phase occurred towards the end of the Tertiary, when fluvial and lacustrine 
sediments were calcretised, then silicified. 
At least 80 m of lacustrine clay, the Anmatyerre Clay, accumulated in Lake Lewis in the 
Neogene-Pleistocene. This uniform clay was deposited in perennial lakewaters, infilling 
depressions in the heterogeneous basement topography. The Anmatyerre palaeolake was 
probably an overflow lake during most of its history, with westward outflow at 570 m 
AHD (Australian Height Datum). The catchment was evidently highly efficient in 
delivery of runoff from the mountains to the lake and no depositional breaks are 
apparent. This lake, at its maximum capacity, was up to 19 m deep and covered an area 
in excess of 3,000 km2, over 12 times the size of the present playa. The Brunhes-
Matuyama palaeomagnetic polarity reversal (780 ka) is identified in the Anmatyerre 
Clay at 8 m depth beneath the playa surface. 
A major switch in sedimentation style followed the Anmatyerre lacustral phase, with 
hydrologic closure of the basin during more arid conditions. The Early Tilmouth beds 
were deposited in a <9 m deep lake, the Tilmouth palaeolake, that extended to the 560 
m AHD level and covered an area of>l375 km2 , 5.5 times the size of the present playa. 
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Hydro logic closure of the basin and high evaporation rates resulted in accumulation of 
solutes in the system. Saturation with respect to CaC03 and CaS04.2H20 was reached 
and large volumes of calcium carbonate (calcrete) and gypsum consequently 
precipitated in the depocentre. The Early Tilmouth beds progressively interacted with 
saline groundwaters during variable climatic and hydrologic conditions. The timing of 
the pivotal switch from the perennial Anmatyerre lacustral phase to the more variable 
Tilmouth lacustral phase is poorly constrained. Extrapolation from records from 
analogous monsoon dominated lake basins suggests that deposition of the Anmatyerre 
Clay may have ceased in the Middle Pleistocene, possibly during the severe Marine 
Isotope Stage (MIS) 10 glacial period. Much of the overlying Early Tilmouth beds may 
have been deposited during the MIS 7 interglacial period. Attenuation of the main 
Tilmouth lacustral phase was followed by a deflationary episode. Resumed lacustrine 
sedimentation involved more intense interaction with saline groundwaters in a greatly 
contracted, shallow lake setting, and deposition of the highly gypseous Late Tilmouth 
beds. This lacustral phase may have occurred during early MIS 5, the last interglacial 
period. An optically stimulated luminescence (OSL) date from a regional linear 
dunefield in the basin indicates an episode of dune mobility before 95 ka. 
Arid periods and the continued dominance of highly saline groundwaters followed the 
Tilmouth lacustral period at Lake Lewis, heralding playa conditions during the Late 
Pleistocene. Large volumes of gypsum in the form of thick aeolian sand deposits in 
playa islands and playa-fringing dunes are a legacy of high groundwater tables, 
moderate or high recharge, evaporative pumping at the playa and possible episodes of 
enhanced windiness. Interspersed stable periods and the influence of meteoric waters on 
playa processes are indicated by gypcretisation of respective gypsum sand units in the 
playa islands. Widespread quartz dunes across the basin landscape represent a period of 
maximum aridity, at around 23-21 ka. Subsequent ameliorated climatic conditions are 
represented by strandlines surrounding Lake Lewis that attest to inundation by 
floodwaters, and substantial fluvial sedimentation along the creeks. OSL dates indicate 
that the latter sediments span the period 19 - 0 ka. This latest period in the evolution of 
the basin is additionally represented by reduction of aeolian activity, major disruption of 
dunefields by floodwaters, and karstic degradation of calcrete ground. 
Groundwater evolution since hydrologic closure of the basin has followed a CaC03 -
CaS04.2H20 path. Precipitation of large volumes of calcium carbonate and gypsum 
lV 
during various phases in the Quaternary has led to near-depletion of dissolved Ca stores 
in the system. The present-day brine is enriched in Na-Cl-S04 and has a salinity of 
210,000 mgL-1 (Total Dissolved Solids). High concentrations of dissolved silica, 
combined with the availability of a favourable host in the form of karstified calcrete, 
and continued high evaporation rates have promoted precipitation of large amounts of 
opaline and chalcedonic silica around the playa. Groundwaters flowing lakeward from 
the silicified calcrete aureole have consequently become silica-depleted. This has 
greatly impinged upon the brine composition and on diagenetic processes beneath the 
playa. The zeolite mineral, analcime, Na(A1Si2)06.H20, is precipitating authigenically 
in the Anmatyerre Clay in the face of silica-deficient, sodium-enriched brine. These 
findings have resulted in the first detailed investigation of the formation of zeolites in an 
Australian salt lake setting. Analysis of diagenetic minerals at Lake Lewis has 
underscored the importance of the antithetic relationship between active silica 
precipitation, shoreward, in the playa margins, and active analcime crystallisation 
lakeward, beneath the playa. 
Despite being the furthest from the coast of Australia's salt lakes, lying at the southern 
edge of influence of the Australian monsoon, the research reveals that Lake Lewis has, 
through long periods of its evolution, been a well-watered and efficient lake basin. 
Available rainfall continues to be efficiently delivered to the lake in today's semi-arid 
climatic regime. This is attributed to the orographic influence of the adjacent ranges, the 
high catchment area to lake area ratio and the centripetal drainage system that feeds the 
lake directly from the encompassing mountains. Notwithstanding the effective delivery 
of available rainfall, the lake system evolved to a groundwater dominated regime during 
the Late Pleistocene and has continued to be substantially governed by groundwater 
processes. The distinctive diagenetic processes currently operating at the depocentre are 
driven by both the chemical composition of groundwaters and the intensity of 
evaporation in the current climatic regime. 
v 
IA 
TABLE OF CONTENTS 
ABSTRACT 
TABLE OF CONTENTS 
LIST OF FIGURES 
LIST OF TABLES 
LIST OF PLATES 
ACKNOWLEDGEMENTS 
PART I: INTRODUCTION AND EARLY GEOLOGIC EVOLUTION 
CHAPTER 1. INTRODUCTION 
1.1. Introduction 
1.2. Aims and methodologies 
1.2.1. Aims of the study 
1.2.2. Methods used 
1.3 Location and physiography 
1.3 .1. Location and physiography 
1.3.2. Airborne gamma-ray spectrometic image 
1.3.3. Basin area 
1.3.4. Soils 
1.3.5. Vegetation 
1.4. Climate 
1.4.1. Synoptic controls 
1.4.2. Local climate 
1.4.3. Lake Lewis floodings 
1.4.4. Hydrologic classification 
1.5. Aboriginal history 
1.6. Early exploration and previous investigations 
1.6.1. Early exploration 
1.6.2. Place names 
1.6.3. Previous investigations 
1. 7. Thesis format 
iii 
vii 
xiii 
xvi 
xvii 
xix 
1 
l 
2 
2 
3 
3 
3 
15 
16 
17 
19 . 
22 
22 
25 
26 
29 
31 
37 
37 
38 
40 
42 
CHAPTER 2. EARLY GEOLOGIC AND TECTONIC EVOLUTION 45 
2.1. Introduction 45 
2.2. Bedrock geology and tectonic framework 48 
2.2.1 . Bedrock geology 48 
2.2.2. Airborne magnetic data 51 
2.2.3. The Alice Springs Orogeny and geomorphic structuring 55 
Alice Springs Orogeny 55 
Geomorphic structuring 63 
2.3. Depth to basement 64 
2.4. Post-Palaeozoic origin of Lake Lewis basin 65 
2.4. l. Prelude to basin inception 65 
2.4.2. Basin inception 75 
Headwater drainage capture? 76 
2.5. Tertiary sedimentation 83 
Deep stratigraphic drill-holes in adjacent basins 83 
Lake Lewis basin: basal grey-green clay 87 
Vll 
Palaeogene depositional setting 
Lake Lewis basin: overlying oxidised sandy clay strata 
Comparison with Lake Eyre Basin 
Neogene depositional setting 
2.5.2. Hamilton Downs chalcedonic mesas 
Waite Formation correlative 
2.5.3. Tertiary Palaeoclimate 
2.6. Structural influences on current processes 
2.7. Summary 
PART II: QUATERNARY SEDIMENTATION AND GEOMORPHOLOGY 
CHAPTER 3. LAKE LEWIS 
88 
92 
93 
96 
99 
JOO 
103 
104 
112 
115 
3.1. Introduction 115 
3.2. Eastern Lake Lewis 119 
3.2.1. Geomorphology 119 
3.2.2. East Lewis drill-core and island pedestals 120 
East Lewis drill-core 120 
Depositional environments: modem playa sediments and 
Anmatyerre Clay 125 
Island pedestals 125 
Depositional environments: Latest Tilmouth beds in 
the island pedestals 126 
3.2.3. SLEADS Napperby cores 129 
3.2.4. Causeway Bluff 139 
Depositional environments, overprinting and erosional processes 140 
3.2.5. Tanami Road quarry 146 
Depositional environments and overprinting processes 147 
3.3. Northern and Southwestern Lake Lewis 149 
Northern Lake Lewis 149 
Southwestern Lake Lewis 151 
3.4. Playa islands, terraces and playa-fringing dunes 152 
Playa islands 152 
Depositional environments: playa islands 156 
Playa terraces 160 
Playa-fringing dunes 161 
3.5. Modem playa sediments 166 
Intrasedimentary gypsum 169 
Playa pits 169 
3.6. The playa surface 172 
Airborne gamma-ray spectrometry 172 
Playa surface types 175 
3.7. Summary 183 
CHAPTER 4. PLAY A SURROUI'l'DS AND ALLUVIAL PLAIN 
4.1. Introduction 
4.2. Napperby Delta 
Geomorphology 
Stratigraphy 
Depositional environments 
Vil! 
187 
187 
188 
189 
190 
195 
4.3. Western Lake Lewis 
4.3.l. Lake Waudby 
Geomorphology 
Stratigraphy 
Depositional environments 
4.3.2. Rabbit Hole Gap 
4.3.3. Kopi dunes and aeolian sand sheets 
4.4. Calcrete ground 
Geomorphology 
Stratigraphy 
Previous work on groundwater calcretes 
Calcretisation in Lake Lewis basin 
4.5. Alluvial plain 
AGS imagery 
4.6. Derwent Creek 
Geomorphology 
Stratigraphy 
4.7. Dashwood Creek 
Geomorphology 
Stratigraphy 
4.8. Creek bank profiles: OSL sites 
4.9. Sheetwash deposits 
4.10. Floodplain depositional environments 
4.11. Regional dunefields and present-day aeolian activity 
Regional linear dunes 
Present-day aeolian activity 
4.12. Summary 
CHAPTER 5. P ALAEOLAKE RECONSTRUCTIONS 
5.1. Introduction 
5.2. Field investigations 
5.3. Remotely sensed data interpretation 
Tilmouth palaeolake contractional landforms 
Ti/mouth palaeolake extent to the 560 m contour 
Megadunes 
Western palaeodrainage 
5.4. Overflow lake level: Anmatyerre megalake? 
5.5. Palaeolakes west of Lake Lewis 
5.6. Palaeohydrologic conditions 
5.7. Summary 
PART III: HYDROLOGIC PROCESSES AND DIAGENESIS 
CHAPTER 6. HYDROLOGIC PROCESSES 
6.1. Introduction 
Previous investigations 
6.2. Surface hydrology 
6.3. Hydrogeologic setting and groundwater flow 
6.3 .1. Hydrogeologic setting 
6.3.2. Depth to water table and Potentiometry 
lX 
197 
197 
197 
197 
198 
203 
204 
208 
209 
210 
215 
218 
221 
221 
227 
227 
227 
233 
233 
233 
238 
239 
243 
245 
245 
253 
253 
257 
257 
258 
261 
261 
262 
269 
271 
275 
282 
290 
294 
299 
299 
300 
302 
306 
306 
311 
6.4. Hydrochemistry: salinities 317 
6.4.1. Basin groundwater salinities 318 
6.4.2. Playa brine salinities 323 
6.5. Major ion chemistry 327 
Dolomitisation 335 
Nitrate and iron 336 
Comparison with seawater 337 
6.6. Surface water - groundwater interactions 339 
6.6.1. 1997 Inundation 339 
6.6.2. Reflux brine 350 
6.7. Groundwater evolution 354 
6.8. Radioisotopic data 357 
6.8.1. 14C dating 357 
Groundwater sampling and analysis 358 
Uncorrected groundwater ages 358 
Corrected ages 362 
Intergretation 363 
6.8.2. 3 Cl analysis 366 
6.8.3. Groundwater recharge 370 
6.9. Summary 372 
CHAPTER 7. DIAGENESIS 376 
7.1. Introduction 376 
7.2. Weathering and diagenesis 377 
7.3. Silicification 378 
7.3.1. Silicified calcrete 378 
7.3.2. Diagenetic processes: secondary silica precipitation 386 
7.4. Zeolitization 397 
7.4.1. Introduction 397 
7.4.2. Analcime in Lake Lewis 398 
XRD and SEM analyses 401 
XRF analyses 402 
7.4.3. Other zeolites 402 
7.4.4. Diagenetic processes: zeolitization 405 
Host aluminosilicate material 406 
Smectite precursor? 407 
Formation of analcime 408 
Other zeolites 410 
Timing of formation and climatic influence 411 
7.5. Ferrolysis 413 
7.5.1. Ferrolysis in Lake Lewis basin 413 
7.5.2. Diagenetic processes: ferrolysis 414 
7.6. Sulphate reduction 419 
7.6.1. Sulphate reduction in Lake Lewis basin 419 
7.6.2. Diagenetic processes: sulphate reduction 420 
7.7. Camotite mineralisation 422 
7.7.1. Camotite in Lake Lewis basin 422 
7. 7 .2. Diagenetic processes: camotite mineralisation 422 
7.8. Alunitisation 424 
7 .8.1. Al unite in Lake Lewis basin 424 
7.8.2. Diagenetic processes: alunitisation 427 
x 
7 .9. Summary 429 
PART IV: CHRONOLOGY AND SYNTHESIS 
CHAPTER 8. UPPER QUATERNARY CHRONOLOGY 432 
8.1. Introduction 432 
8.2. Palaeomagnetic dating 433 
8 .2.1. Introduction 433 
8.2.2. Ferromagnetic mineralogy 437 
8.2.3. Sampling 444 
8.2.4. Natural Remanent Magnetism (NRM) 446 
8.2.5. Demagnetisation 448 
8.2.6. Palaeomagnetic Results and Interpretation 449 
8.2.7. Brunhes-Matuyama boundary and deposition rate 456 
8.3. Optical dating 459 
8.3.1. Introduction 459 
8.3.2. OSL sample sites 460 
Lacustrine 460 
Lake-shore terrace 461 
Fluvial 461 
Aeolian 462 
8.3.3. OSL Data evaluation 462 
8.3.4. OSL ages 467 
8.4. Amino acid racemization dating 472 
8.5. Radiocarbon dating 475 
8.6. Summary 477 
CHAPTER 9. PALAEOENVIRONMENTAL EVOLUTION, DISCUSSION AND 
SUl\fMARY 482 
9.1. Palaeoenvironmental evolution 482 
9.2. Comparison with other salt lakes and inland regions 485 
Comparison with the Lake Amadeus palaeomagnetic record 486 
Other palaeomagnetic records 487 
MIS 11-9 time frame 491 
MIS 7-6 time frame 493 
Early MIS 5 time frame 497 
Late MIS 5 - present time frame 497 
9.3. Project summary and future work 503 
Project summary 503 
Recommendations for future work 505 
REFERENCES 
APPENDICES 
Appendix 1. GEOPHYSICS AND DRILLING 
A 1.1. Geophysics 
Al.2. Drilling 
Appendix 2. LABORATORY METHODS 
Xl 
512 
Al.I 
Al.I 
Al.2 
A2.l 
A2. l. XRF; XRD and SEM analyses 
A2.2. Pore fluid salinity 
A2.3. Water chemistry 
Appendix 3. CHRONOLOGIC METHODS 
A3.l. GROUNDWATER DATING 
A3 .1.1. Radiocarbon dating 
A3.l.2. Chlorine-36 analysis 
A3.2. PALAEOMAGNETIC DATING 
A3 .2.1. Definitions and units of measurement 
A3 .2.2. NRM measurement 
A3.2.3. Demagnetisation 
A3.2.4. Plotting 
A3.2.5. Principal Components Analysis 
A3.3. OPTICAL DATING 
A3.3.1. Introduction 
A3.3.2. Sample collection and preparation 
A3.3.3. Palaeodose measurement 
A3.3.4. Dose-rate determination 
A3.4. AMINO ACID RACEMIZATION DATING 
A3.5. RADIOCARBON DATING 
Appendix 4. WATER BORE AND HYDROCHEMICAL DATA 
A4. l. Water bore data 
A4.2. Groundwater chemistry data 
Xll 
A2.l 
A2.2 
A2.5 
A3.1 
A3.l 
A3.l 
A3.2 
A3.4 
A3.4 
A3.5 
A3.5 
A3.8 
A3.9 
A3.14 
A3.14 
A3.15 
A3.16 
A3.17 
A3.17 
A3.18 
A4.l 
A4.l 
A4.6 
Figure 1.1. 
Figure 1.2. 
Figure 1.3. 
Figure 1.4. 
Figure 1.5. 
Figure 1.6. 
Figure 1.7. 
Figure 1.8. 
Figure 1.9. 
Figure 1.10. 
Figure 1.11. 
Figure 1.12. 
Figure 1.13. 
Figure 1.14. 
Figure 1.15. 
Figure 2.1. 
Figure 2.2. 
Figure 2.3. 
Figure 2.4. 
Figure 2.5. 
Figure 2.6. 
Figure 2.7. 
Figure 2.8. 
Figure 2.9. 
Figure 2.10. 
Figure 2.11. 
Figure 2.12. 
Figure 2.13. 
Figure 2.14. 
Figure 2.15. 
Figure 2.16. 
Figure 2.17. 
Figure 2.18. 
Figure 2.19. 
Figure 2.20. 
Figure 2.21. 
Figure 3.1. 
Figure 3.2. 
Figure 3.3. 
Figure 3.4. 
Figure 3.5. 
LIST OF FIGURES 
(a) Major Australian salt lakes; (b) Continent-scale dunefield whorl 5 
Map of central Australian localities 6 
Cainozoic basins of inland Australia 7 
Map coverage 8 
Lake Lewis basin study area 10 
MacDonnell Ranges drainage systems: (a) trunk channels; 12 
(b) drainage detail 13 
Airborne Gamma-ray Spectrometric (AGS) image 17 
Basin area map 20 
Rainfall seasonality distribution in inland Australia 20 
Rainfall graph 24 
Wind roses 24 
Landsat TM scenes 1996-1997 showing floodwaters in Lake Lewis 27 
Basin hydrographic parameters and climate function plot for Australian 
lakes 30 
Map of Aboriginal language group distribution 33 
Totemic (Jukurrpa) map of the traditional Anmatyerre lands 35 
Bedrock outcrop map 49 
Airborne magnetic image with overlay of interpreted structures 53 
Main fault zones 56 
Redbank Thrust Zone and the MacDonnell Ranges drainage systems 56 
Airborne magnetic image of Lake Lewis and interpreted faults 57 
Strain ellipses for the Alice Springs Orogeny 58 
Deep crustal seismic profile and basement rock densities 59 
Depth to basement map 66 
South-North seismic section through the basin 67 
Map of deep stratigraphic drill-hole locations 70 
Stratigraphy for bore RN4755 near Haast Bluff 70 
Airborne magnetic image showing faults east of Lake Lewis 71 
Crawford Creek, Mt Zeil, drainage capture to Dashwood Creek 77 
Finke River reversal reconstructions: (a) postulated ancient, post- 81 
Alice Springs Orogeny Finke River; (b) capture of Arumbera Creek 
by Derwent Creek 82 
BMR Napperby stratigraphic drill-hole logs 85 
Burt Plain stratigraphic drill-hole logs 86 
Basin cross-sections: (a) W-E across the southern piedmont zone; 89 
(b) South-north across the centre of the basin; 90 
(c) West-east across the basin axis 91 
Cainozoic sedimentation: (a) Palaeogene; 94 
(b) Neogene-Pleistocene 95 
Chalcedonic mesa distribution map, Mt Hay area 101 
Close-up of airborne magnetic image of the Causeway area and 
interpreted faults 107 
Derwent Creek kinks over airborne magnetic image 109 
Lake Lewis geomorphology map 117 
Index map 118 
East Lewis geomorphology map 121 
East Lewis stratigraphic column 122 
(a) Maps of SLEADS drilling sites; 131 
(b) clo.5e-up of the Dingo Island area 131 
Xlll 
Figure 3.6. 
Figure 3.7. 
Figure 3.8. 
Figure 3.9. 
Figure 3.10. 
Figure 3.11. 
Figure 3.12. 
Figure 3.13. 
Figure 3.14. 
Figure 3.15. 
Figure 3.16. 
Figure 3.17. 
Figure 3.18. 
Figure 3.19. 
Figure 3.20. 
Figure 3.21. 
Figure 3.22. 
Figure 3.23. 
Figure 3.24. 
Figure 4.1. 
Figure 4.2. 
Figure 4.3. 
Figure 4.4. 
Figure 4.5. 
Figure 4.6. 
Figure 4.7. 
Figure 4.8. 
Figure 4.9. 
Figure 4.10. 
Figure 4.11. 
Figure 4.12. 
Figure 4.13. 
Figure 4.14. 
Figure 4.15. 
Figure 4.16. 
Figure 4.17. 
Figure 4.18. 
Figure 4.19. 
Figure 4.20. 
Figure 4.21. 
Figure 5.1. 
Figure 5.2. 
Figure 5.3. 
Figure 5.4. 
Figure 5.5. 
Figure 5.6. 
Figure 5.7. 
Napperby 1 and 2 stratigraphy 132 
Napperby 3 stratigraphy 133 
Napperby 4 stratigraphy 134 
Napperby 5, 6 and 7 stratigraphy 135 
Napperby 8 stratigraphy 136 
Napperby 9 stratigraphy 137 
Fence-diagram for eastern Lake Lewis 13 8 
Causeway Bluff profile 145 
Tanami Road quarry profile 145 
Northern Lake Lewis geomorphology map showing strandlines 150 
Southwestern geomorphology map 150 
Generalised playa island stratigraphy 155 
Mechanism for gypsum formation in beach sands 155 
(a) Lake shore dunes: geomorphology map; (b) stratigraphy; 162 
(c) playa-fringing dune and lake shore terrace 162 
Southwestern lake shore dunes 165 
Generalised stratigraphic profile for the main playa units 165 
Playa pit stratigraphy: Pits 1, 2 and 3 170 
Playa pit stratigraphy: Pits 4, 5 and 6 171 
AGS image of Lake Lewis 173 
Napperby Delta geomorphology map 193 
Napperby Delta drill-hole stratigraphy 194 
Lake Waudby and Rabbit Hole Gap geomorphology map 199 
Lake W audby stratigraphy 200 
Rabbit Hole Gap stratigraphy 207 
Map of kopi dune distribution, downwind from Lake Lewis 207 
Landsat TM imagery of Lake Lewis depicting calcrete aureole 211 
Calcrete ground: map of exposed extent 211 
Titra core and Browse auger hole logs 216 
Wilkie core log 217 
AGS image of basin with floodplains delineated 223 
AGS image of the piedmont zone 225 
Derwent floodplain geomorphology map 228 
Derwent Ck piedmont zone: Haast Bluff area map and stratigraphy 231 
Derwent Ck middle reaches: Thelma and Bottom Bore stratigraphy 232 
Dashwood floodplain geomorphology map 235 
Glen Helen Station probes, Dashwood Creek; Auger holes A 
and B logs 236 
Glen Helen Station, Auger holes C and D logs 237 
Piedmont zone alluvial fan and flood deposit stratigraphic 
relationships 237 
Creek bank profiles: Derwent, Dashwood and Napperby creeks 240 
Dunefields map 248 
Recessional landforms west of Lake Lewis 264 
Digital Elevation Model (DEM) for the Tilmouth palaeolake 265 
(a) Processed Landsat TM imagery of Lake Lewis revealing the 
lacustrine plain; (b) AGS image of the lacustrine plain 267 
Aerial photograph interpretation of western megadunes 270 
DEM for the divide between lakes Lewis and Ngalia 277 
Palaeodrainage reconstruction for the area between lakes Lewis and 
Ngalia 279 
Middle-lower Derwent Creek palaeodrainage interpretation 281 
XIV 
Figure 5.8. 
Figure 5.9. 
Figure 5.10. 
Figure 5.11. 
Figure 5.12. 
Figure 5.13. 
Figure 5.14. 
Figure 6.1. 
Figure 6.2. 
Figure 6.3. 
Figure 6.4. 
Figure 6.5. 
Figure 6.6. 
Figure 6.7. 
Figure 6.8. 
Figure 6.9. 
Figure 6.10. 
Figure 6.11. 
Figure 6.12. 
Figure 6.13. 
Figure 6.14. 
Figure 6.15. 
Figure 6.16. 
Figure 6.17. 
Figure 6.18. 
Figure 6.19. 
Figure 7.1. 
Figure 7.2. 
Figure 7.3. 
Figure 7.4. 
Figure 7.5. 
Figure 7.6. 
Figure 7.7. 
Figure 7.8. 
Figure 8.1. 
Figure 8.2. 
Figure 8.3. 
Figure 8.4. 
Figure 8.5. 
Figure 8.6. 
Figure 8.7. 
Figure 8.8. 
Figure 8.9. 
DEM of Lake Lewis with 560 and 570 m topographic contours 
superimposed 
DEM for Lake Lewis to Lake Bennett 
Palaeolake reconstruction for Lake Lewis to Lake Bennett 
283 
285 
288 
Palaeoriver reconstruction: Lake Bennett to Lake Mackay 289 
(a) Plot of lake area increase against the required rainfall increase; 292 
(b) Plot of Catchment area/lake area against required 
Evaporation/Precipitation 
Basin hydrologic parameters and climate function plot for the 
Anmatyerre and Tilmouth palaeolakes 
Evolutionary sequence for Lake Lewis 
Surface water flow directions 
Main aquifers and groundwater flow model 
Depth to water table map 
Potentiometric surface map 
Relationships between bedrock and Cainozoic aquifers, faults and 
292 
295 
296 
303 
309 
312 
313 
basement structures in the piedmont zone 315 
Location map for water bores sampled for the present study 319 
Salinity (TDS) contour map 321 
Pore fluid salinities in the East Lewis core 326 
Bicarbonate-chloride ratio map 329 
TDS concentrations vs chloride relative to total anion concentration 330 
Si02 concentrations versus chloride concentration 330 
Variation diagrams of major cations and anions versus chloride 332 
Relationship ofTDS to concentrations of individual major ions 333 
Major ion chemistry for seawater and Lake Lewis groundwaters 338 
Hydrochemical gradient through the basin 353 
Groundwater evolution flow diagram 356 
(a) Map of water bores sampled for 14C analysis; 360 
(b) Map of aquifers types and recharge regimes 360 
(a) Percent modern carbon distribution; (b) Apparent 14C ages of 
groundwaters 
Derwent Creek palaeodrainage aquifer system with 
groundwater 14C ages 
Geochemistry of silicified calcrete at Titra Well 
Geochemistry of silicified calcrete at Wilkie Bore 
XRD spectra for opal-CT 
XRD spectra for moganitic chalcedony 
Solubility for opal-A, opal-CT and quartz 
XRF and XRD sample sites from the East Lewis 
361 
365 
382 
383 
384 
385 
393 
lithostratigraphic units 400 
XRD pattern for Anmatyerre Clay from below the water table 400 
Stability relationships in the Na20-A}i03-Si02-H20 mineral system 409 
Palaeomagrietic sites 435 
Geomagrietic time scale 438 
Zijderveld diagrams for East Lewis samples 452 
Palaeomagrietic inclinations and polarity interpretations 455 
East Lewis profile with the Brunhes-Matuyama boundary 457 
OSL sample sites and ages 464 
OSL growth curves for representative samples 466 
Pluvial profiles with OSL ages 4 71 
Charcoal sample sites 476 
xv 
Figure 8.10. 
Figure 8.11. 
Figure 9.1. 
Figure 9.2. 
Figure 9.3. 
Figure 9.4. 
Figure 9.5. 
Figure 9.6. 
Figure Al.1. 
Figure A2.1. 
Figure A2.2. 
Figure A2.3. 
Figure A4.1. 
Table 2.1. 
Table 3.1. 
Table 6.1. 
Table 6.2. 
Table 6.3. 
Table 6.4. 
Table 6.5. 
Table 6.6. 
Table 6.7. 
Table 6.8. 
Table 6.9. 
Table 7.1. 
Table 7.2. 
Table 7.3. 
Table 7.4. 
Table 8.1. 
Table 8.2. 
Table 8.3. 
Table 8.4. 
Table A3.1. 
Table A3.2. 
Table A3.3. 
Table A4.1. 
Table A4.2. 
Age data summary chart 
Schematic sections showing the Upper Quaternary 
chronostratigraphy 
Anmatyerre palaeolake time frame 
MIS 7-6 time slice: Early Tilmouth beds 
Early MIS 5: Latest Tilrnouth beds 
Late MIS 5 to present time slice 
180 isotope curve and Lake Lewis basin chronology 
Quaternary evolutionary sequence for Lake Lewis 
TEM and YES plots 
Spectra for smectite-bearing lacustrine clay 
Background components of poorly-diffracting material 
SIROQUANT output for XRD analysis quantification 
Bore location map 
LIST OF TABLES 
Cainozoic timescale 
Uranium-series decay chains 
Groundwater chemistry for sampled bores 
Piezometers: water levels and IDS, 1996-1999 
Playa brine chemistry, piezometers, 1996-1999 
Playa brine chemistry, playa pits 
Playa brine chemistry averages (piezometers and pits) 
Rainfall and Todd River water chemistry 
Seawater and Lake Lewis groundwater compositions 
Groundwater 14C data 
Chlorine-36 data 
XRF data for silicified calcrete, Titra Well 
XRF data for silicified calcrete, Wilkie Bore 
XRD mineralogy, lacustrine sediments 
XRF data for lacustrine sediments 
Petrographic descriptions of OSL samples 
OSL data 
Genyornis eggshell AAR data 
Radiocarbon data 
Palaeomagnetic data, East Lewis 
Palaeomagnetic data, Lake Waudby 
Palaeomagnetic data, Causeway Bluff 
Water bore data 
Groundwater chemistry data 
XVI 
480 
481 
492 
495 
496 
498 
500 
501 
Al.3 
A2.3 
A2.3 
A2.3 
A4.5 
85 
173 
320 
324 
324 
325 
325 
326 
338 
359 
368 
382 
383 
399 
399 
463 
468 
473 
476 
A3.l l 
A3.12 
A3.13 
A4.2 
A4.6 
LIST OF PLATES 
Frontispiece: The Amphitheatre 
Plate 1.1. Oblique aerial view westward over Lake Lewis 11 
Plate 1.2. Southeastern arm of Lake Lewis 11 
Plate 1.3. Piedmont zone of the alluvial plain, Lake Lewis basin 14 
Plate 1.4. Central Mount Wedge 14 
Plate 1.5. Aboriginal artifacts 33 
Plate 2.1. Mereenie Valley 61 
Plate 2.2. Angkale Gorge 61 
Plate 2.3. Rembrandt Rock 73 
Plate 2.4. Ferricrete 73 
Plate 2.5. Hamilton Downs chalcedonic mesa 101 
Plate 3.1. Anmatyerre Clay, East Lewis core 123 
Plate 3.2. Contact between the Anmatyerre Clay and the Latest Tilmouth beds 123 
Plate 3.3. Discoidal and cruciform displacive gypsum, Latest Tilmouth beds 127 
Plate 3.4. Seismic line, eastern Lake Lewis 141 
Plate 3.5. Causeway Bluffs and the southeastern arm of Lake Lewis 141 
Plate 3.6. Causeway Bluff profile 142 
Plate 3.7. Tanami Road quarry 142 
Plate 3.8. Cliff Island 153 
Plate 3.9. Cliff Island profile 153 
Plate 3.10. Aeolian gypsum sand from Cliff and Dingo islands 157 
Plate 3.11. Kopi-cored playa-fringing dune 163 
Plate 3.12. Playa-fringing quartz sand dune 163 
Plate 3.13. Playa pit exposing heterogeneous modern playa sediments 167 
Plate 3.14. Incorporative intrasedimentary gypsum crystals 167 
Plate 3.15. Puckered playa crust with efflorescent halite 177 
Plate 3.16. Buckled playa crust 177 
Plate 3.17. Popcorn-textured playa crust with filamentous halite 179 
Plate 3.18. Sulphide mud beneath a smooth playa surface 179 
Plate 4.1. Distributary channels, Napperby Delta 191 
Plate 4.2. lndurated fluviolacustrine sediments, Napperby Delta core 191 
Plate 4.3. Lake W audby 201 
Plate 4.4. Gypsum mush, Lake Waudby 201 
Plate 4.5. Kopi dunes 205 
Plate 4.6. Western aeolian sand blanket 205 
Plate 4.7. Oblique aerial view ofTitra Well in karstic calcrete ground 213 
Plate 4.8. Dynamited calcrete blocks at Titra Well 213 
Plate 4.9. Calcretised fluvial sand, Wilkie drill-hole 219 
Plate 4.10. Contact between calcrete and underlying Anmatyerre Clay, 
Wilkie core 
Plate 4.11. 
Plate 4.12. 
Plate 4.13. 
Plate 4.14. 
Plate 4.15. 
Plate 4.16. 
Plate 4.17. 
Plate 4.18. 
Plate 4.19. 
Plate 5.1. 
Forty-five augen gneiss 
Derwent floodplain 
Derwent floodplain claypan 
Derwent Creek profile 
Dashwood Creek profile 
Dashwood dune 
Petrographic micrograph of reddened dune sand 
Winnowed piedmont pan, Mt Chapple 
Dust plumes over the piedmont plain 
Lakebed of the Tilmouth palaeolake 
XVll 
219 
225 
229 
229 
241 
241 
249 
249 
251 
251 
259 
Plate 5.2. Lower Derwent Creek channel incised across the lacustrine plain 259 
Plate 5.3. Megadunes west of Lake Lewis 273 
Plate 5.4. Wes tern inselberg 273 
Plate 6.1. West Waterhole, Derwent Creek 307 
Plate 6.2. Saltpan in the lacustrine plain north of Derwent floodout 307 
Plate 6.3. Playa surface following ephemeral inundation 343 
Plate 6.4. Desiccation cracks in playa surface mud 343 
Plate 6.5. Brine shrimps 345 
Plate 6.6. Conchastracons 345 
Plate 6.7. Strandline after flood inundation 347 
Plate 6.8. 'Pancake' textures from sulphate reduction processes 347 
Plate 7.1. Weathering granite, Rembrandt Rock 379 
Plate 7.2. Petrographic micrograph of plagioclase break-down to 
amorphous material 379 
Plate 7.3. Silcified calcrete, Wilkie drill-core 387 
Plate 7.4. Moganitic calcrete, Wilkie core 387 
Plate 7.5. Petrographic micrograph of colloform opal 389 
Plate 7.6. Petrographic micrograph of chalcedonic pore infill 389 
Plate 7.7. SEM micrographs of secondary silica polytypes 391 
Plate 7.8. SEM micrographs of analcime crystallising in Anmatyerre Clay 403 
Plate 7.9. Highly altered Napperby Delta fluviolacustrine sediment 415 
Plate 7.10. Petrographic micrograph of void-filling gypsum laths 415 
Plate 7.11. Subaerial ferrolysis of arnphibole in calcareous dune sand 417 
Plate 7.12. Camotite mineralisation from the redox interface, Tanami 
Road quarry 417 
Plate 7.13. Petrographic micrographs of feldspar alunitisation, Wilkie core 425 
Plate 8.1. Palaeomagnetic profile, Causeway Bluff 435 
Plate 8.2. Matuyama interval in the Anmatyerre Clay, East Lewis core 457 
Plate 8.3. Genyornis eggshell-bearing layer, Cliff Island profile 473 
Plate Al.1. Taking geophysical soundings for depth to basement Al.4 
Plate Al.2. Drilling to 28 m depth through Anmatyerre Clay at Lake Waudby Al.4 
Plate A2.1. Installing a 12 m piezometer in eastern Lake Lewis A2.6 
Plate A2.2 Sampling aquifer water for hydrochemical and 14C analysis A2.6 
XVlll 
ACKNOWLEDGEMENTS 
This PhD project was supported by an Australian Postgraduate Award from the 
Department of Employment, Education and Training. The research was initially 
conducted in the Division of Archaeology and Natural History (ANH) of the Research 
School of Pacific and Asian Studies (RSPAS) at ANU, then transferred to the Research 
School of Earth Sciences (RSES), ANU; those schools are thanked for financial, 
technical and administrative support. Additional funding for fieldwork and conference 
attendance was provided by the Cooperative Research Centre for Landscape Evolution 
and Mineral Exploration (CRC LEME). The research was carried out during the period 
1994 to 2001 , with time out in 1996 and 1997 to undertake employment. Fieldwork for 
the study was conducted in 1994, 1995 and 1996, with brief'event based' visits in 1997 
to 1999 to monitor the effects of 1997 floodwaters on Lake Lewis and its underlying 
brine pool. A total of eight months were spent in the field for the project. 
I sincerely thank John Chappell, RSES, for excellent supervision of the project through 
the years. John suggested I take on Lake Lewis (which, up until recent years was known 
by its colloquial name, Napperby Lake, although it was formally named Lake Lewis in 
1981 ), and to continue from where reconnaissance work by the SLEADS (Salt Lakes, 
Evaporites and Alluvial DepositS) program left off in the mid-l 980s when that program 
attenuated its activities. John is thanked for constant scientific and practical support, 
forbearance and consideration, editing skills and for the many opportunities he offered 
me through the years. John Magee, ANU Geology Department, has been a genuine 
mentor and has supported me through all phases of my research even whilst writing-up 
his own PhD thesis, and provided constant editorial support and discussion whilst this 
thesis was being written. Both John Chappell and John Magee provided comments and 
constructive criticism during the course of my thesis-writing. For the most part, I have 
followed their guidance. However, my interpretations of their suggestions have no 
doubt left questions still hanging, and my endeavours have commonly been 
perpendicular to their line of sight, possibly falling short of their investment in and 
expectations for some aspects of the project. I take full responsibility for my tangential 
efforts which in no way reflect any misdirection or disinterest from John C. and John M. 
The SLEADS program was spearheaded in the early 1980s by Jim Bowler whose 
benchmark work provided impetus and inspiration for research on Australia's salt lakes, 
including the present project at Lake Lewis. 
Tony Eggleton, ANU Geology Department is thanked for assistance with my 
mineralogy. John Giddings and Uros Rokvic of the joint AGSO/RSES Palaeomagnetic 
Laboratory in Canberra, Pierre Etienne Mathe of CRC LEME, and Brad Pillans, 
RSES/CRC LEME, are thanked for assistance with my palaeomagnetic analyses 
through two cold winters on Black Mountain. 
Nigel Spooner, Norman Hill and Daniele Questiaux of the Luminescence Dating 
Laboratory, RSES, have been incredibly helpful with my prolonged and fraught efforts 
to obtain age constraints for lacustrine, fluvial and aeolian sediments from Lake Lewis 
basin. There have been many technical and logistical difficulties and delays with the 
luminescence work, yet Nigel, Norman and Daniele have, at all times, shown enormous 
patience, interest and generosity with their time, wisdom, skills and high levels of 
professionalism. 
XIX 
At the outset, Gladys Warren and Russell Shaw of the Australian Geological Survey 
Organisation (AGSO) encouraged my research on the Cainozoic geology of central 
Australia, following on from their mapping in the region which concentrated on the 
Proterozoic and Palaeozoic bedrock geology. They felt that the Cainozoic has been 
receiving insufficient attention across vast regions of the inland. Accordingly, they 
provided me with aerial photographs, maps and information for my initial foray into the 
Centre. The project thus commenced with dovetailed aims, to continue unfinished work 
left over from the SLEADS program of the 1980s, and to interface Quatemary-
orientated research with well-mapped bedrock geology in central Australia. 
Gerry Jacobson of the Land and Water Division of the Bureau of Rural Sciences (BRS, 
formerly the Division of Geohazards, Land and Water at AGSO), supported my PhD 
project from the beginning and endorsed its affiliation with arid zone groundwater 
projects elsewhere in the region. This affiliation enabled me access to AGSO/BRS data 
and facilities. During 1996 and 1997, Gerry also provided me with interesting 
employment on groundwater-related projects in central Australia. 
Damien Kelleher, RSES, carried out stratigraphic drilling at Lake Lewis in 1994 and 
1996. Damien has additionally provided ongoing technical assistance, cups of coffee 
during core logging stages and general support through the years. Our drilling assistants 
were: Colin ("Oddie") Holbert, David Buckle and Carlo Martinello. David Buckle 
additionally provided support for my 1994 reconnaissance fieldtrip. Dave ("Blue") 
Marshall and Dave Champion were invaluable field assistants for some of my 
subsequent fieldwork. Special thanks to Blue for our climbs up Mt Zeil and Central 
Mount Wedge peaks. Lynda Radke, ANU Geology Department, took time out from her 
own PhD research to visit Lake Lewis and to assist with my water sampling program. 
To everyone who helped out in the bush, thank you for all the hard labour, 
companionship and forbearance in the heat, dust, mud, salt and flies. 
I owe a special debt to Phil Bierwirth, AGSO who processed Landsat Thematic Mapper 
data that greatly aided interpretation of the geology and landscape of Lake Lewis basin, 
particularly for those areas that have limited or no access in the field. Phil additionally 
allowed use of his field gamma-ray spectrometer and assisted with analysis of my field 
gamma measurements. Bruce Goleby, AGSO, provided seismic data for the central 
Arunta and processed the deep crustal seismic data for my research. Ian Hone and Ross 
Franklin, AGSO, provided geophysical datasets. Recently-flown airborne magnetic and 
airborne gamma spectrometric datasets were subsequently made available by the 
Northern Territory Department of Mines and Energy (NTDME). Prame Chopra of the 
Australian Earth Data On-Line (AEDOL) facility of the Geology Department, ANU, 
generated Digital Elevation Model imagery that greatly assisted my reconstructions of 
the study area. Geoff Pickup, CSIRO, supported my interest in investigating the fluvial 
environments of the basin to complement my focus on the lake environment. He and 
Peter Patton, Wesleyan University, Connecticut, contributed their unpublished data for 
Derwent and Dashwood creeks in support of this component of my research project. 
Amino acid data were generously provided by Giff Miller and Charles Hart, University 
of Colorado. 
Staff of the Water Resources Division, Northern Territory Department of Lands, 
Planning and Environment (LPE), formerly the NT Power and Water Authority 
(PAW A), provided me with a base in Alice Springs throughout the years of my 
research. Peter McDonald, Michael Jamieson, Bob Read, Col Garner, Scot Balfour, 
Virginia Garner, Tom Calvert and all the Water Resources people are thanked. In 
xx 
particular, I appreciate the use of office facilities, of Virginia's laboratory, Michael's 
support with geophysical readings in the field, and Col and Scot's assistance with 
collection of bore information. The Darwin Water Resources Laboratory is thanked for 
groundwater analyses. Russell Grant, Land Resources Division ofLPE, provided aerial 
photographs for my research. 
Sincere gratitude to all the station people in the Terrritory for permission to work on 
their land, and for all the hospitality and local knowledge offered: Roy and Janet 
Chisholm ofNapperby Station; Chris Connellan, owner ofNarwietooma Station, and 
Narwietooma managers, Mark and Julie Pederson (to 1995) and Doug and Sally Simm 
(from 1995); Ian and Chris Morton of Derwent and Glen Helen Stations; Bill, Robert 
and Pam Waudby, of Central Mount Wedge Station (to 1996), and Ronnie and Rita 
McNamara and Willy Dixon, of Central Mount Wedge (from 1996). Special thanks to 
Roy Chisholm for a flight over Lake Lewis for photography. Zoe Chappell and Karin 
Krainz are thanked for generous accommodation and hospitality in Alice Springs. 
Geoffrey Bardon (author of 'Papunya Tula'), Johnny Lynch Tjapangati (deceased), Tim 
Leura Tjapaltjarri (deceased), Clifford Possum Tjapaltjarri and the Anmatyerre Aranda 
group custodians of the Napperby area are thanked for permission to use Tim Leura's 
Dreaming Map. The original map of the Anmatyerre ancestral space was drawn by Tim 
Leura Tjapaltjarri and given to Geoff in 1971. The map was redrawn by Frank Slip in 
1997 and is reproduced here so that the traditional representation of the Anmatyerre 
homeland is presented alongside geographic, geologic and hydro logic maps of the area. 
I have been fortunate to have been based in both Canberra and Alice Springs where 
there are thriving scientific communities and where I have benefited from the 
stimulating and cooperative spirit of both centres. Many academic staff at ANU 
contributed scientific discussion, information and assistance. I thank the following ANU 
people: Mike Macphail, Patrick De Deckker, Linda Ayliffe, Richard Cresswell, Robyn 
Gatehouse and Jean Braun. Scientists from other institutions and organisations are 
thanked for their interest and input: Jim Ferguson, Bruce Radke, Clinton Foster and 
Terry Mernagh of AGSO; Gresley Wakelin-King of La Trobe University; Patrice de 
Caritat, of CRC LEME; Mike Smith of the National Museum of Australia; Jim Bowler 
of Melbourne University; Xiang-Yang Chen of the University of Canberra; and Jon 
Olley, CSIRO Division of Land and Water, Canberra. 
I appreciate the dozens of favours done for me by the technical and administrative staff 
of ANH, RSES, and the ANU Geology Department. Special thanks are extended to 
Marcia Murphy and Eugene Wallensky for their kindness and practical assistance when 
I commenced this project. Keith Fitchett (deceased), Bob Cooper, Darren Boyd and 
Ross Wylde-Browne are thanked for technical assistance. Radiocarbon analysis ofrny 
groundwater samples was carried out at the Radiocarbon Laboratory, RSES, and thanks 
are extended to all, in particular, to Abaz Alimanovic, Steve Robertson and Lois Taylor. 
Berlinda Crowther and Robin Westcott of the ANU Geology Department were 
marvellously helpful with petrographic thin-sectioning and guidance through my 
enjoyable months in the XRD Lab; Robin and Berlinda also orchestrated countless 
cakeful morning-teas of which I was a beneficiary. Julie Kamprad, AGSO, provided 
additional support with sediment analysis. Shane Paxton, RSES, was always helpful 
setting me up with equipment for sawing, crushing, milling, sieving and processing of 
samples. Eleanor Laing and John Spring of the Hydrochemistry Laboratory at AGSO 
are thanked for the loan of groundwater sampling equipment for fieldwork, analysing 
brine samples, and guidance with pore fluid extraction. My XRF analyses were done by 
XXl 
John Pyke and Liz Webber of AGSO. Roger Heady of the ANU Electron Microscopy 
Unit provided instruction on the use of the Scanning Electron Microscope. Gamma-ray 
spectrometry for my OSL analysis was done by Peter \.Vallbrink, CSIRO Division of 
Land and Water, Canberra. Samantha Jackson, RSES Library is thanked for her 
excellent support. The Old Hospital Building people at RSES shared their space, 
facilities and patience, and delivered innumerable favours and privileges through the 
years. 
The Parks and Wildlife Commission of the Northern Territory made available a 4WD 
All Terrain Vehicle for my salt lake travel. Graham Pearce, CSIRO, Alice Springs, 
provided logistical support for fieldwork. Carmel Leonard of the NTDME Library, 
Alice Springs, aided my searches for Exploration Company reports, and Martin Cardona 
of the NTDME Core and Cuttings Store facilitated my logging of drill hole material 
from exploration holes in the study area. The Royal Flying Doctor Service (RFDS) 
bases in Port Augusta and Alice Springs provided radio support and outback 
camaraderie during my fieldwork and long trips between Canberra and the Centre. 
Jessica Etherington in the UK, MaryLou and Charles Ledbetter in the US, and Irene and 
Chris Champion of Queensland, are thanked for their interest in my studies and for their 
encouragement from afar. My colleagues, friends and family are sincerely thanked for 
their support all along, and for 'giving me space' in which to concentrate on this project. 
Most of all I thank my husband, David Champion, for encouraging me to take on this 
PhD project and for providing unwavering patience, support, assistance and fun all 
through these years. 
This thesis is dedicated to my father, Dan English (deceased), who not only gave me 
much sincere encouragement for my studies but also instilled in me a great love for the 
Australian bush. 
XXll 
PART I. INTRODUCTION AND EARLY GEOLOGIC EVOLUTION 
CHAPTER 1. INTRODUCTION 
1.1. INTRODUCTION 
Lake Lewis basin in the Northern Territory (NT) is the most inland of Australia's salt 
lake basins, lying > 1,000 km from the nearest coast in all directions, at the continent's 
Point of Inaccessibility. It is an intracratonic intermontane basin surrounded by steep, 
rugged mountain ranges of the central Australian uplands. The Cainozoic basin has 
developed on faulted and folded basement rocks of the Proterozoic Arunta Craton and 
the Late Proterozoic - Palaeozoic Amadeus and Ngalia basins. Lake Lewis, at 550 m 
(AHD), is the highest large playa in Australia. The Tropic of Capricorn crosses the 
southern catclunents of the basin. The area is at the southern edge of influence of the 
modern Australian monsoon regime and is a hydrologically closed endorheic basin. The 
area is complex in terms of bedrock geology, regolith, landscapes, hydrology and its 
geographic position with respect to climatic influences. 
Its distinctive features make Lake Lewis a worthy subject for multi-disciplinary 
research on Cainozoic basin evolution in inland Australia. Little previous work of this 
type has been done in the region. Because of the typical limitations of logistics, access 
and practicalities involved in carrying out fieldwork in an outback region such as this, 
and because of the large size of the study area, many aspects of this research project are 
necessarily at a reconnaissance level. Some of the impediments associated with the 
remoteness and magnitude of the study area were mitigated by the availability ofhigh-
resolution remotely-sensed data sets that were combined with conventional approaches 
of field and laboratory techniques. This thesis reports on research findings, describes the 
nature and characteristics of Lake Lewis basin and discusses the major influences and 
processes that have been involved in the basins' evolution. 
Chapter l. Introduction 
1.2. AIMS AND METHODOLOGIES 
1.2.1. Aims of the study 
The aim of the PhD research project is to characterise Lake Lewis basin, geologically, 
geomorphically, hydrologically and palaeoenvironmentally. Towards this aim, the 
specific objectives are to: 
• Define the early geologic evolution and tectonic processes leading to continental 
Cainozoic basin formation and fundamental landscape structuring in the area. 
• Describe the Tertiary basin morphology and stratigraphy and relate this to the 
Tertiary chronologic context for inland Australia and to provide a foundation for 
more detailed Quaternary research of the area. 
• Document field and laboratory data from lacustrine, fluvial and aeolian sedimentary 
sequences across the basin. 
• Reconstruct the Quaternary palaeolake systems and associated palaeohydrologic 
conditions of the basin. 
• Assemble data on the surface hydrology and groundwater system to develop an 
understanding of the main hydro logic processes operating in this internal drainage 
basin. 
• Identify and analyse distinctive diagenetic minerals that are actively crystallising 
through sediment-water interaction. 
• Provide a chronologic framework for the main Quaternary units to reconstruct a 
sequence of events for the more recent phases of the basin's evolution. 
• Compare the evolution of Lake Lewis basin with records from other Australian salt 
lake systems and inland Cainozoic regions. 
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1.2.2. Methods used in the study 
To achieve these aims, some eight months of fieldwork were carried out during the 
years 1994-1999. This work involved drilling, installing piezometers, taking 
geophysical soundings, augering, 'ground truthing' basin-wide aerial photograph 
interpretations, mapping landforms, logging the stratigraphy and sediments of natural 
and excavated profiles, sampling sediments for geochemical and mineralogical analysis 
and for dating, sampling groundwaters and brines for hydrochemical analysis, and 
precipitating carbonate from groundwater samples for radiocarbon dating. The drilling 
and geophysical procedures employed are outlined in Appendix 1. 
Laboratory analyses included: detailed interpretation of aerial photographs, satellite 
imagery, digital elevation models and geophysical data; logging and sub-sampling drill-
cores for analyses; desalinating samples for chemical analysis; X-Ray diffraction (XRD) 
analysis for mineral identification; X-Ray Fluorescence (XRF) analysis for sediment 
geochemistry; thin-section preparation; optical and scanning electron microscopy 
(SEM); sample preparation for Optically Stimulated Luminescence (OSL) analysis; 
palaeomagnetic analysis and pore fluid extraction and analysis. Details of analytical and 
chronological techniques employed are provided in Appendices 2 and 3. 
1.3. LOCATION AND PHYSIOGRAPHY 
1.3.1. Location and Physiography 
The extreme degree of continentality of Lake Lewis is illustrated in Figure 1.1 (a). Lake 
Lewis is located between the Simpson and Tanarni Deserts (Fig. 1.1 a) and is just 
outside the 250 mm rainfall isohyet (Fig. 1.1 b ). The playa, or salt lake, is located within 
the northern arm of the continent-scale anti-clockwise dunefield whorl, where sand flow 
lines are oriented east-west (Fig. 1.1 b ). The regional geographic setting and main 
central Australian localities and landmarks are illustrated in Figure 1.2. The 
MacDonnell Ranges west of Alice Springs are commonly referred to as the West 
MacDonnells and, east of Alice Springs, as the East MacDonnells; in the present study, 
'the MacDonnell Ranges' refers to the West MacDonnell Ranges unless otherwise 
stated. Lake Lewis is some 160 km west-northwest of Alice Springs. 
3 
Chapter 1. Introduction 
The distribution ofCainozoic basins of inland Australia is shown in Figure 1.3. Lake 
Lewis basin is one of several Cainozoic intermontane basins occupying depressions 
between bedrock mountain ranges of the central Australian uplands. Burt and Mount 
Wedge basins border Lake Lewis basin to the east and west, respectively. The basin 
outlines in Figure 1.3 are, for the most part, poor! y defined. Additional Cainozoic basins 
no doubt exist in the region (e.g., at Lake Mackay) although they have not been 
identified or investigated, even at reconnaissance level. 
Map coverage of the Lake Lewis area and surrounding region is given in Figure 1.4. 
The present study concentrates on the area covered by the southern half of the 
NAPPERBY (SF 53-09) and northern half of the HERMANNSBURG (SF 53-13) 1:250 
000 sheet areas. This area includes contiguous portions ofNapperby, Narwietooma, 
Central Mount Wedge, Derwent-Glen Helen (jointly leased), Amburla and Hamilton 
Downs stations (Fig. 1.4). Central Mount Wedge is a freehold Native Title property; all 
other stations are non-Aboriginal pastoral leases, with some Aboriginal outstation 
excisions within their boundaries. The study area is bordered to the west by the Haasts 
Bluff Aboriginal Land Trust, the 'Western Desert', that extends 200 km west to the 
Western Australian (WA) border. 
Figure 1.5 shows the main geographic features of Lake Lewis basin and surrounding 
area. Basement highs of crystalline bedrock - outcropping and subsurface - separate the 
adjacent basins: Burt, Lake Lewis, Mount Wedge and Witchetty, and they have separate 
groundwater systems. The Cainozoic basins are bounded to the south by the 
MacDonnell Ranges and to the north by several ranges including Stuart Bluff Range of 
the Ngalia Basin and Reynolds Range of the northern Arunta province. The main study 
area of 8, 100 km2 is outlined; this area is located between Longitudes 132° and 133° E 
and is centred on Latitude 23° S (Fig. 1.5). 
Lake Lewis playa is illustrated in Plates 1.1 and 1.2. The playa is 250 km2 in area with a 
centripetal drainage system of ephemeral creeks. The main creeks feeding the lake are 
the Derwent, Dashwood and Charley creeks rising in the MacDonnell Ranges to the 
south and Napperby, Day and Gidyea creeks rising in the Reynolds and adjacent ranges 
to the north (Fig. 1.5). Napperby Creek feeds Lake Lewis by a delta or low-gradient 
distributary fan. Floodplains of the latter three creeks north of Stuart Bluff Range 
overlie the Cainozoic Witchetty basin (Fig. 1.3 ), a separate groundwater basin. Drainage 
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systems in the MacDonnell Ranges are detailed in Figures l .6(a) and (b). Both radial 
and trellis drainage patterns are represented (Fig. l .6b ), associated, respectively, with 
crystalline bedrock of the Arunta Craton and ancient sediments of the Amadeus Basin. 
The main east-west divide in the MacDonnell Ranges follows the northernmost 
ridgeline of the Chewings Range in the east, then trends south for some 20 km to cross 
Mereenie Valley from where it follows the crest of the Pertnjara Hills, south of 
Mereenie Range, in the west (Fig. 1.6). Southward drainage from this divide is into the 
Finke River system (Figs. 1.2 and 1.5). The upper Derwent catchment drains 1130 km2 
of the rugged MacDonnell Ranges. Headwater drainage systems in the basin are deeply 
incised into igneous and metamorphic bedrock, often cutting down through hundreds of 
vertical metres of crystalline rock and quartzite, suggesting great antiquity for their 
evolution, as discussed in Chapter 2. 
The highest mountain in the area is Mt Zeil, 1531 m (AHD), in the MacDonnell Ranges 
(labelled in Figs. 1.5, l.6a and b), rising some 900 m above the adjacent plain; this is 
the highest point in the NT. Mt Zeil drains entirely into the Dashwood Creek system via 
a fault-controlled annular to radial drainage network. Other prominent landmarks are 
Haast Bluff, 1118 m (AHD), west of Derwent Creek, at the western edge of the study 
area (Figs. 1.5 and 1.6a), and Central Mount Wedge peak, 1095 m (AHD), in Stuart 
Bluff Range west of Lake Lewis (Fig. 1.5; Plate 1.3). Central Mount Wedge peak and 
dozens of other peaks along the> 120 km strike length of Stuart Bluff Range form 
spectacular quartzite cuestas that define the southern edge of the Ngalia Basin. South of 
the MacDonnell Ranges, the large Jurassic-Cretaceous impact structure of Gosses Bluff 
(Fig. 1.5) extends 25 km across and deforms upper units of the Amadeus Basin. 
Lake Lewis is 200 km from Alice Springs via the Tanami Road (colloquially referred to 
as the 'Tanami Track'), which links central Australia with the Kimberley region of WA. 
Tilmouth Well Roadhouse is located on the Tanami Road at Napperby Creek, just north 
of Lake Lewis (Fig. 1.5). A north-south Bureau of Mineral Resources (BMR) seismic 
line transects the basin, following Napperby Creek in the north and Dashwood Creek in 
the south. This track provides access to the eastern part of the playa, 9 km south of 
Tilmouth Well. Other parts of the playa are difficult or impossible to access across 
surrounding sand dunes. The southern part of the basin is readily accessed via the 
Papunya Road (Fig. 1.5) and numerous bore tracks. Access is prohibited to places that 
have special significance to the traditional owners; these sites include: Wirmbrandt 
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Figure 1.5. Lake Lewis basin and neighbouring Burt basin to the east and parts of Mount Wedge basin to the west and Witchetty basin to the north. The basins are 
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Plate 1.1. Oblique aerial view to the west over Lake Lewis. 
Plate 1.2. View to the southeast over Lake Lewis, with Mt Chapple on the horizon. 
The lake shore terrace is a legacy of episodic ephemeral surface water levels in the 
lake. 
11 

132° 
HAAST 
BLUFF 
• 
132° 
i32•3a 
0 10 km t N 
Fig. 2.21 To Lake Lewis 
;··--------- ······--·;-·----------- ----.. --..................... f---------·----Fi~-.--2:~3-·: 
MT CHAPPLE • 
o<'> 
e0Q MEREENJE Creek Q& VALLEY 
To Finke River 
132°30' 
Figure 1.6(a). Upper catchments of Derwent and Dashwood creeks, showing the trunk 
channels of named creeks in the area. The Derwent catchment west of 132°, south ofHaast 
Bluff is sho\\n in Figure 2.14(b). The main West MacDonnell divide, separating the Finke 
River catchment in the south and Lake Lewis catchment in the north, is shown as a dotted 
line. The Derwent - Dashwood divide is shown as a dash-dot-dot line. Main peaks are 
shown as small triangles and named localities (Glen Helen homestead, waterholes (W/H), 
gorges, passes, darns and yards) are small solid circles. Drainage detail for the 
corresponding area is shown in Figure 1.6(b). Feint dashed outlines correspond to enlarged 
imagery areas (Figs. 2.13 and 2.21 ). 
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Small dots correspond with localities named in Figure l.6(a). 
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Plate 1.3. Central Mount Wedge peak (Karrinyarra ), 1095 m (AHD), rising 400 m 
above the surrounding fluvial-lacustrine plain. The peak is the highest point on Stuart 
Bluff Range and is composed of Proterozoic Arunta Complex granite-gneiss overlain 
by Vaughan Springs Quartzite, the basal unit of the Late Proterozoic-Palaeozoic Ngalia 
Basin. The view is from a small palaeolake site east of the peak in the northwestern 
corner of Derwent Station. The plain is covered with a dense aeolian sand blanket and 
is vegetated with Desert Oak (Allocasuarina deciasneana). GR YUENDUMU 900470. 
Plate 1.4. Piedmont zone of the alluvial plain of Lake Lewis basin; viewed westward, 
along the northern flanks of the West MacDonnell Ranges. Mt Zeil, 1531 m AHD, the 
Northern Territory's highest point, is in the middle distance, Mt Heuglin on the right 
horizon; mafic amphibolite outcrops in the foreground. The east-west striking 
Redbank Thrust Zone follows the base of the bedrock slopes; the fault zone was the 
focus of Tertiary tectonic structuring of Lake Lewis basin to the adjoining north. The 
piedmont zone is an important recharge zone for groundwater flowing to Lake Lewis. 
The alluvial plain is vegetated with spinifex (Triodia) and mulga (Acacia aneura). 
14 
Chapter 1. Introduction 
Rock, immediately east of Lake Lewis, on Napperby Station; parts of Stuart Bluff 
Range on Central Mount Wedge Station; and an area south of Mt Chapple, around 
Woody Bore, on Narwietooma Station. 
1.3.2. Airborne Gamma-ray Spectrometric image 
The basin-scale physiography is well-represented in Airborne Gamma-ray 
Spectrometric (AGS) imagery (Fig. 1. 7). AGS data reflect the chemical variations of the 
radioelements, potassium (K), thorium (Th) and uranium (U), in the upper 30 cm of the 
earth surface and readily delineates broad lithological variations in bedrock geology, 
regolith and landscape elements. Gamma-ray emissions from the regolith are not 
impeded by vegetation cover so AGS imagery can be more appropriate for defining 
landscape elements compared to satellite imagery, for instance, which is commonly 
dominated by spectral signals from vegetation - from ubiquitous spinifex in particular -
and bushfire scars. 
The main physiographic elements depicted in Figure 1. 7 are: bedrock mountains, Lake 
Lewis playa, a lacustrine plain surrounding the playa, bedrock mountains and a broad 
alluvial plain. The mountain ranges and inselbergs within and surrounding Lake Lewis 
basin are clearly delineated. Low gamma-radiation in all three radioelements, K, Th and 
U, is represented by black in the image, corresponding with quartzites (Stuart Bluff 
Range and part of the Chewings Range within the MacDonnell Ranges), and mafic 
granulites and amphibolites (Mt Hay and Mt Chapple massifs). High gamma-radiation 
in all three radioelements is represented by white in the image and corresponds to 
granites, particularly those exposed along the southern part of the basin and, in the far 
north, in Yalyirimbi and Anmatjira ranges. Individual formations in the ancient 
sediments of the Amadeus and Ngalia basins are clearly differentiated by their 
contrasting gamma-ray signatures. 
The low-gradient alluvial plain, illustrated in Plate 1.4, is sub-divided in the AGS image 
into an array of floodplains associated with individual sub-catchments, each of which 
drain different parent source rocks (described in Section 4.5). The flat lacustrine plain 
surrounding Lake Lewis corresponds with a broad halo of almost null K, Th and U 
gamma-radiation (dark brown in image). This represents both calcrete ground and an 
aeolian quartz sand blanket within the flat, topographically low part of the basin, neither 
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of which regolith types emit substantial detectable gamma-rays (Fig. 1. 7). Lake Lewis 
margins and satellite playas are distinguished by uranium anomalies (blue) which reflect 
high concentrations of the gamma-emitting uranium daughter radionuclides in 
groundwater discharge zones (described in Section 3.6). Where the water table is high, 
across the centre of Lake Lewis, attenuation of gamma-rays in water molecules of the 
capillary fringe is indicated by a black AGS signature. The dunefield across Burt Plain 
is highlighted by elevated Th concentrations (green) in swales. Elsewhere, the 
widespread dunefields arrayed across the basin axis (Section 4.11) are not distinguished 
in the AGS image because the resolution of the data set, at 100 m2 grid mesh, does not 
discriminate closely-spaced dunes and swales and because the geochemical 
compositions of the respective dunefields correspond with those of neighbouring 
piedmont provenance areas of the alluvial plain. 
The topographic gradient south-north across the basin, from the base of the MacDonnell 
Ranges at 620 m ARD to Lake Lewis at 550 m AHD, a distance of 45 km, is 0.0015. 
1.3.3. Basin area 
The effective catchment area for Lake Lewis basin is 14,075 km2 (Fig. 1.8). Overland 
flow from the Burt catchment, 8,725 km2, to the east may also have contributed surface 
waters to Lake Lewis in the past. However, dunes in Burt Plain have not been 
significantly disrupted by floodwaters and there is no strong evidence in the landscape 
of modern drainage reaching the lake from these eastern creeks. An area of 22,800 km2 
is represented by the combined Lake Lewis and Burt Plain catchments (Fig. 1.8). 
1.3.4. Soils 
Typical of sub-desert regions, soils within Lake Lewis basin are dominated by lithosols 
and alluvium, comprising resistate detrital quartz and secondary clay minerals that have 
generally been reddened by oxidation of Fe-bearing silicate minerals in meteoric waters. 
Organic material is minimal due to the intensity of oxidation. Mobile elements such as 
the alkalis and alkaline earth elements are commonly concentrated. 
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Figure 1. 7. Airborne Gamma-ray Spectrometric (AGS) image of Lake Lewis basin and part 
of Burt basin to the east. Data provided by the NT Department of Mines and Energy. 
Airborne survey specifications: Flown Sept/Nov 1997 by Kevron Geophysics Pty. Ltd.; 
flight line direction 000-180°; flight line separation 400 m; tie-line direction 090-270°; tie-
line separation 4000 m; terrain clearance 60 m (MTC); 100 x 100 m grid mesh; 
instrumentation: Exploranium G820 spectrometer. Ternary gamma-ray spectrometric data: 
Potassium (K =red), Thorium (Th = green), Uranium (U =blue). Histograms for the digital 
data for gamma-ray intensities in the three channels have been stretched to maximise 
contrasts in the ranges of gamma-radiation for all surface materials represented. The overlay 
shows the main creek channels as thin black or white lines and the main peaks as small 
black or white triangles. Lake Lewis basin is divided into a flat Lacustrine Plain (low 
gamma-radiation regolith apart from groundwater discharge zones displaying high uranium-
series radioelements) and a low-gradient Alluvial Plain (high multi-radioelement gamma-
radiation regolith). Close-up imagery of areas of interest is described in later chapters (Figs. 
3.24, 4.11 and4.12). 
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The basin lies within the Sandy Desert Region of Australian soil landscapes of 
Northcote and Wright (1993) and includes the Stuart-Burt and MacDonnell soil-
landscape provinces: 
• The Stuart-Burt province typically encompasses subdued plains of multi-cycle 
sediments including some derived from Tertiary deep-weathering profiles 
intermixed with detritus from Proterozoic and Palaeozoic rocks; Red earths are 
dominant. 
• The MacDonnell province, within and adjacent to the MacDonnell Ranges, is 
characterised by Lithosols and subordinate red clays. 
Additionally, features of the Amadeus soil-landscape province (Northcote and Wright, 
1993) are represented around Lake Lewis: saline, calcareous and siliceous loams, 
solonchaks, with flanking siliceous sands and variable dune deposits such as granular 
gypsum. Soil studies in the eastern part of Burt Plain have been documented by 
Litchfield (1969), with emphasis on old alluvial sequences, red earths and 'laterite' (i.e., 
ferricrete ). 
1.3.5. Vegetation 
Vegetation assemblages correlate strongly with physiographic settings, soil types and 
groundwater depth and salinity. Lake Lewis playa is barren where the capillary fringe of 
the hypersaline water table intersects the playa surface ("groundwater outcrop"). Plant 
species in the study area were identified from the field guides of Urban ( 1993) and van 
Oosterzee (1995). 
Lake shore terraces support halophytic Chenopodiaceae such as the leafless, fleshy 
'samphire' (Halosarcia sp.) and stunted saltbush species (Sclerolaena genus) and 
northern bluebush (Chenopodium auricomum). Playa-fringing dunes support inland tea-
tree (Melaleuca glomerata). Calcrete ground surrounding the playa, within the 
lacustrine plain, is vegetated with blue mallee (Eucalyptus gamophylla). Where shallow 
calcrete aquifers can be accessed, particularly in karstic depressions, Coolibah 
(Eucalyptus intertexta or E. microtheca) and, less commonly, Bush passionfruit 
(Capparis spinosa) occur. Elsewhere across the lacustrine plain, where saline water 
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Figure 1.9. Rainfall seasonality map for inland Australia: A. Strongly seasonal summer rainfall 
zone where the ratio of summer rainfall to winter rainfall (S!W) exceeds 3; B. Weakly seasonal 
summer rainfall zone in which the summer/winter rainfall ratio is 3-1. 3; C. Uniform seasonality in 
which the winter/summer rainfal1 ratio 0N/S) is less than 1.3 (modified after Gentilli, 1986). 
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tables are moderately shallow, low stature Melaleuca, Grevillea and Acacia species 
shrubs are widespread. 
Dense dunefields at the western, downwind end of the basin are vegetated with tall 
Desert Oak (Allocasuarina decaisneana). Mulga (Acacia aneara) dominates the 
interfluvial areas of the alluvial plain, particularly where sheetflow drainage is typical. 
A variety of larger trees are also sparsely scattered across the interfluves, including: 
Bloodwood (E. terminalis), Whitewood (Atalaya hemiglauca), Ironwood (Acacia 
estrophiolata), Corkwood (Hakea eyreana), and, rarely, Desert poplar (Codonocarpus 
cotnifolis), making up a woodland environment. Shrubs such as Honey grevillea 
( Grevillea juncifolia ), Rattlepod grevillea ( G. stenobotrya ), Witchetty bush (Acacia 
kempeana), Cassia (Senna artemisiodes) and Dead finish (Acacia tetragonophylla) are 
widespread across the plains. Grasses and forbs never produce a dense groWld cover; 
interspaces of bare, crusted clay surfaces are ubiquitous and often support termite 
mounds. 
The main creeks are lined with River Red gum (Eucalyptus camaldulensis), their size 
gradually diminishing from the piedmont to the mid-basin reaches. Along the Napperby 
Delta channels, the E. camaldulensis are spindly and in poor condition, possibly due to 
backflooding of saline waters from the lake or to fluctuations of saline groWldwaters 
into the root zones, or both. Ghost gum (Eucayptus papuana) grow sparsely along the 
creeks, at a greater distance from the banks than the E. camaldulensis, as well as in 
runoff areas near the base of rocky outcrops (Frontispiece plate). Both these eucalypt 
species evidently require fresh water and have low tolerances for brackish-saline waters. 
The unusual deciduous Bean tree or Batswing coral tree (Erythrina vespertilio) occurs 
along middle reaches of some of the main creeks. 
White cyprus pine (Callitris glaucophylla), Cycad (Macrozamia macdonnellii) and 
Native fig (Ficus platypoda) grow in crevices on rocky outcrops, elevated above the 
bushfire-prone plains. 
Spinifex (Triodia and Plectrachne spp.) is ubiquitous across most environments of the 
basin. Tussocky Mitchell grass (Astrebla pectinata) is widespread across sheetflow 
runoff areas adjacent to the MacDonnell Ranges. Lignum (Muehlenbeckia 
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cunninghamii) grows sparsely on some non-saline claypans of the alluvial plain, 
particularly those most subject to flooding, where it grows with few other plants. 
Overall, the region is well-vegetated, considering its relative aridity and despite 
nutrient-deficient soils, which reflects high runoff of floodwaters from the ranges or, in 
some basin sub-environments, commonly elevated or perched water tables, and efficient 
use of available water by the adapted desert flora. 
1.4. CLIMATE 
1.4.1. Synoptic controls 
Central Australia is arid to semi-arid with low, highly variable rainfall, averaging 200-
300 mm per year, high solar radiation, high potential evaporation, and a large range of 
air temperatures. The climatic characteristics of Lake Lewis reflect both its extreme 
position at the interior of a large continental land mass, far removed from the influence 
of moist maritime air, and its tropical latitude. The broad-scale central Australian region 
is located in the core of the Australian wintertime anticyclonic gyre formed by the 
Southeasterly Trades to the north and the westerlies to the south, which is reflected in 
the continent-scale dunefield whorl (Fig. 1.lb). The high annual range of temperature 
over the continent is reflected by seasonal latitudinal migration of the tropical 
atmospheric system, the Hadley regime. Central Australia is associated with the 
descending limb of the Hadley cell where pressures tend to be high and air masses dry. 
Four main synoptic controls on the central Australian climate are identified by Slatyer 
(1962): 
1. Southeasterly trade situation; 
2. Passage of low-pressure troughs between high-pressure centres during winter; 
3. Passage of low-pressure troughs from the tropical low during summer; 
4. Rain depressions from tropical cyclone from the north. 
The southeasterly trades persist throughout the year. During the winter months the 
troughs associated with depressions centred well to the south pass over central Australia 
every 7-10 days, with winds ahead of the trough becoming more easterly, with below 
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normal temperature for several days, rare rainfall, and then, after passage of the trough, 
winds become southeasterly. 
During the Southern Hemisphere summer the monsoon equatorial trough lies across the 
northern part of Australia, bringing monsoonal summer rainfall to the tropical part of 
the continent, particularly during December to February (McBride, 1987). Moist air 
from the tropical monsoon system penetrates inland in troughs of low pressure, 
however, there is a large north-south gradient in rainfall, with the central part of the 
continent being a subtropical desert between 20° and 30° S (McBride, 1987). Sporadic 
heavy rainfall from violent convective thunderstorms associated with monsoon 
depressions account for most of the annual rainfall and for the high variability of 
summer rainfall in the region. 
Tropical cyclones occur only in summer and are rare, averaging one per year. These 
move in from the Darwin area, Western Australia, the Gulf of Carpentaria and from 
Queensland. Cyclones can evolve into rain depressions as they move across the 
continent, bringing high humidity and rain, although with subdued wind strengths by 
the time they reach the centre of the continent. 
The altitude (550-1531 m AHD) and mountainous topography of the region generates 
an orographic effect, with the annual rainfall near the central Australian ranges being 
generally higher than non-mountainous inland areas to the south. The average annual 
precipitation of 200-300 mm can fall during a few isolated days of high intensity 
rainfall and reflects variable input of moisture from the northern monsoon system. The 
seasonality of rainfall across inland Australia is illustrated in Figure 1.9, with the period 
October - March representing the "summer semester" (Gentilli, 1986). Lake Lewis lies 
in the moderately seasonal zone (B) where the ratio of summer rainfall to winter rainfall 
(S/W) is 3 to 1.3, although the area is close to the boundary with the strongly seasonal 
rainfall zone (A) to the north where the S/W ratio exceeds 3 (Gentilli, 1986). To the 
south, more uniform seasonality is experienced (C), with significant influence from the 
winter rainfall regime (Gentilli, 1986). 
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Figure 1.10. Annual rainfall for 
Alice Springs for the period 
1873 to 1998. Alice Springs is 
160 km southeast of Lake 
Lewis. Data from the Bureau of 
Meteorology. 
Figure 1.11. Wind regimes for 
January and July for Alice 
Springs and Yuendumu for the 
period 1941 to 1998. Yuendumu 
is 100 km northwest of Lake 
Lewis; Figure 1.2. The wind 
roses show the frequency of 
winds of various strengths from 
various directions. The central 
circles represent the frequency 
of calm conditions, with 40% 
calms indicated in the scale, 
below, for reference. Each 
branch represents the wind 
blowing from that direction 
with the length of each branch 
proportional to the frequency of 
that wind. The thickness of the 
branch is used to indicate the 
wind speed range, as indicated 
in the scale. Data from the 
Bureau of Meteorology. 
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1.4.2. Local climate 
With an average annual rainfall of approximately 280 mm (Napperby Station data, 
Bureau of Meteorology, Commonwealth of Australia, unpublished records), Lake Lewis 
is semi-arid in the Australian classification scheme of Gentilli (1986) in which annual 
rainfall <250 mm is arid and 250-500 mm is semi-arid or sub-arid. Most of the rainfall 
occurs during the summer months, November to March, although it is highly 
unpredictable in timing, spatial distribution, intensity and duration. Apart from sporadic 
rainfall events, the summer months are generally hot, dry and dusty, with variable cloud 
cover. Winter months are mild and occasionally bring minor, low-intensity rainfall 
when the passage of troughs from the south carry an inflow of moist air followed by 
lower than normal temperatures and some frosts. This rare winter rainfall is borne by 
fronts associated with low pressure systems of the mid-latitude westerly circulation that 
dominates the southern part of the continent. On Napperby Station in the winter of 
1986, for instance, 46 mm of rainfall was recorded in June, and 144 mm in July, 
sufficient for extremely rare winter flow in Napperby Creek but insufficient for waters 
to reach Lake Lewis downstream (R. Chisholm, Napperby Station, pers. comm., 1997). 
The high variability of the annual rainfall pattern for central Australia for the past 125 
years is illustrated in Figure 1.10. High rainfall periods and associated flooding 
occurred from 1876-1878, 1920-1923, and 1973-1978, interspersed with severe 
droughts, particularly during the period spanning the 1920s to the 1960s. 
The daily temperature averages for Alice Springs for January are 35.2°C maximum and 
21.4°C minimum. For July, the daily temperature averages are: 19.4°C maximum and 
3.8°C minimum. The average annual diurnal temperature range is 18.8°C. The average 
hours per day of bright sunshine is 9.8. The annual mean relative humidity for the 
period 1941-1998 is 41.3% for 9 am and 23.3% for 3 pm. Frost occurs on an average 33 
nights per year. High radiation levels result in a mean annual potential evaporation rate 
of 3065 mm (Bureau of Meteorology, 1994). The evaporation-precipitation ratio (E/P) 
for Lake Lewis is approximately 10.9. Winds in the region are dominantly easterly and 
southeasterly, summer and winter, as illustrated in Figure 1.11, reflecting the 
trajectories of the Trade winds. 
25 
Chapter 1. Introduction 
1.4.3. Lake Lewis floodings 
In recent times, intense summer rainfall events flooded Lake Lewis in 1973-76 (annual 
rainfalls in the range 477-846 mm during the four year period) and 1982-83 (annual 
rainfalls of 460 and 540 nun, respectively, for the two years). During the 1973-76 
flooding, up to 2 metres of water inundated the lake, and surface water persisted for at 
least 18 months. The 1973-76 floodwaters in Lake Lewis correspond with a major 
filling of Lake Eyre (Allan, 1989) which is regarded as the largest event there in the last 
I 00-150 years (Kotwicki, 1986). Figure 1.10 shows this to be the case at Lake Lewis 
also; the I974-75 rainfall was the wettest year on record for central Australia. Relatively 
major inundations, possibly involving up to 2 metres of water in parts of the lake, no 
doubt also occurred during extremely high rainfall years in 1920-2 I, 1885-86 and 1877-
79 (Fig. I. I 0). High water marks around the playa margins and islands, lake-shore 
terraces, and modern playa sediments, are all legacies of substantial inundations in the 
modern hydrologic regime and are described in Chapter 3. 
More recently at Lake Lewis, shallow surface water covered much of the playa surface 
for several weeks early in 1997 (Fig. 1.12) and in January-March 2000, in both cases 
following rainfall events of approximately 300-400 mm. Commonly, rainfall events that 
are only slightly higher than the mean annual rainfall of 280 mm are sufficient to result 
in a cover of shallow surface water in the lake. This seems particularly to be the case 
when the playa surface and inflow conduits are already damp following minor 
antecedent direct rainfall onto the landscape surface. The latter situation occurred in the 
early 1997 flooding: 69 mm ofrainfall in November-December 1996 and 80 mm in 
January 1997 heralded the ensuing 187 mm of rain in February 1997 which resulted in 
surface water readily covering much the lake (Fig. 1.12). Synoptic maps for February 
I 997 show that the rainfall was associated with a low that extended across central 
Australia from the Pilbara and Kimberley region of WA (Bureau of Meteorology). 
Greater than normal monsoonal activity and rainfall occurred elsewhere across northern 
and inland Australia during this period. In Lake Eyre Basin, the northern monsoon-fed 
rivers flowing from Queensland brought large volumes of water into North Lake Eyre 
some months after the rainfall events (personal observation, April, I 997). 
High-magnitude rainfall events associated with the northern monsoon are very 
important to landscape development within and around Lake Lewis and across the 
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Figure l. l 2(a). Landsat TM scene of Lake 
Lewis basin taken on 27 December 1996. 
TM scene Path/Row 103/76 (Latitude 
Centre 23°06'58"S; Longitude Centre 
l 32°4 l '20"E). TM Bands 2-3-4 (Blue-
Green-Red) displayed. The Jakebed shows 
high spectral reflectance because of its 
barren clay-gypsum-halite composition, 
devoid of vegetation. There is no surface 
water in the lake although parts of the 
lakebed are within the capillary fringe 
above the water table and are damp from 
groundwater discharge and minor rainfall 
(69 mm) in November and December 
1996, hence the high spectral 
transmittance in short wavelength light, 
especially band 2 (blue). Bare soil and dry 
vegetation across the basin produce low 
reflectance in the visible and near infrared 
wavelengths. 
(b) TM scene for 1March1997, following 
approximately 300 mm of rain. Shallow 
surface water has ponded in parts of Lake 
Lewis, especially the eastern parts which 
received inflow from Napperby Creek. 
Surface water reflects highly in the lower 
visible wavelengths, particularly 0.5-0.6 
µm (band 2 = blue); darker blues indicate 
deeper water due to absorption of visible 
radiation. In contrast with (a), above, an 
increase in proportions of chlorophyll and 
water content in plants is evident in the 
vegetation cover at the base of the ranges 
and along drainages where high runoff was 
experienced during the rainfall event (near 
infrared reflectance, band 4 = red). 
( c) TM scene taken on 17 March 1997, 
several weeks after the rainfall, showing 
half of the surface water in the Jake now 
evaporated/infiltrated. The areas ofrecent 
water cover remain damp and continue to 
reflect strongly in visible wavelengths. 
Additional to those areas that responded 
immediately to concentrated runoff from 
the ranges and creeks, the whole basin is 
now covered with fresh green vegetation, 
reflecting strongly in the near infrared 
wavelengths (band 4 = red). Landsat TM 
data supplied by the Australian Centre for 
Remote Sensing (ACRES), Australian 
Surveying and Land Information Group 
(AUSLJG), Canberra. These scenes are 
Net Preview Images from the ACRES 
Digital Catalogue and are reproduced with 
permission. 
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alluvial plain of the basin (described in Chapters 3 and 4). Additionally, high-intensity 
rainfall and associated concentrated runoff at the base of the ranges, and flooding along 
the creeklines and across the flood out zones is important to recharge of the basins' 
groundwater system (discussed in Chapter 6). 
1.4.4. Hydrologic classification 
Figure 1.13 shows the relationship between the basin catchment area-lake area ratio 
(Ac/Al) versus climatic and hydrologic parameters (Climatic function, Fe) for many 
Australian lakes, redrawn from Bowler (1981). Calculated basin and climatic 
parameters for Lake Lewis, using data presented above (Sections 1.3.3. and 1.4.3; Fig. 
1.8), have been added to the original plot, and likewise, corresponding data for Lake 
Eyre, calculated by Magee (1997), is included in Figure 1.13. Lake Lewis is grouped 
with other monsoon-influenced lake basins of northern and central Australia: lakes 
Eyre, Gregory, Woods, Buchanan and Galilee. These lakes have large drainage systems 
- large catchment area to lake area ratios - that respond markedly to hydrologic and 
climate change and which are close to the threshold where a small increase of rainfall 
leads to a change from an ephemeral to a persistent lake (Bowler, 1981; 1986). Lakes 
Woods and Gregory are termed 'amplifier lake basins' by Bowler (1981; 1986) and 
Bowler et al. (1989; in press) where ancient shorelines attest to large expansions of the 
lake areas in the past and to increased efficiency in the drainage systems. Lake Eyre 
similarly has greatly expanded ancient shorelines and is an amplifier lake which reflects 
the enormous magnitude of its catchment area even though much of the drainage system 
is inefficient. In the present climatic regime these ephemeral amplifier lakes are readily 
filled by major rainfall events. Lakes Frome and Tyrrell preserve less expansive ancient 
shorelines and are less effective drainage basins compared to the above-mentioned 
northern systems. 
In terms of its high catchment/lake area ratio and rapid response to above-average 
rainfall events (Section 1.4.3; Fig. 1.12), Lake Lewis is grouped with the 'amplifier' lake 
systems. Ancient shoreline features representing much larger palaeolakes were not 
identified at Lake Lewis prior to the present PhD study, but are described in Chapter 5. 
In terms ofhydrologic parameters, Lake Lewis is analogous to lakes Eyre, Woods and 
Gregory, and contrasts greatly with Lake Amadeus despite the relative proximity of 
these two central Australian lake basins, located only 250 km apart. Lake Amadeus 
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Figure 1.13. Relationship between catchment/lake areas (Ac/Al) and climatic 
parameters (after Bowler, 1981; Fig. 30.4). Two catchment areas are used in the 
calculations for Lake Lewis: Lake Lewis basin (14,075 km2); and Lake Lewis plus Burt 
basins (22,800 km\ as shown in Figures 1.5 and 1.8. Lake Lewis area, 250 km2, is the 
unvegetated "salt flat" extent within fringing dunes. Data used for the climatic function 
(Fe): Evaporation (E) = 3065 mm; Precipitation (P) = 280 mm. The value of 0.8 is used 
as the pan evaporation factor for realistic evaporation from a lake surface; f is the runoff 
coefficient: f = 0.1 represents 10% runoff (i.e., 10% inflow from the catchment to the 
lake); f = 0.2 represents 20% runoff; and f = 0.3 represents 30% runoff. Black stars are 
used for f = 0.1 for Lake Lewis; white asterisks for f = 0.2 and 0.3. All other lakes are 
plotted at f = 0.1 as solid circles (Bowler, 1981). Groundwater is omitted from the 
climatic parameters because its very slow seepage contributes little to the hydrologic 
flux compared to the dominant factors of precipitation, runoff and evaporation. Data for 
most lakes are from Bowler, 1981; Lake Amadeus data estimate is from Bowler, 1986; 
and Lake Eyre data from Magee, 1997. The Burt basin catchment does not currently 
contribute runoff to Lake Lewis so the lower Ac/ Al plots are currently applicable, and 
the upper plots are theoretical in the present climate. Lake Lewis, an ephemeral to dry 
lake, with its current active local catchment, and with an estimated runoff coefficient of 
at least f = 0.1, plots close to the Hydrologic Threshold and is grouped with other 
monsoon-fed lakes: Eyre, Gregory, Woods, Buchanan and Galiliee. 
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belongs to a second group of lakes identified by Bowler ( 1981; 1986), 'dry lakes' or 
'groundwater dominated lakes' (Fig. 1.13), that have small and/or ineffective catchments 
and are relatively unresponsive to changing hydrologic conditions and thus need a large 
increase in rainfall to change from dry to permanent lakes. Other dry lakes include lakes 
Torrens and Gairdner which have low catchment to lake area ratios and inefficient 
drainage systems, and do not exhibit shorelines of much larger ancient lakes (Bowler, 
1981; 1986). A third group of lakes, comprising volcanic craters and those in humid 
climatic zones, are not relevant to the inland setting. 
The fact that Lake Lewis, located > 1000 km from coastal areas, plots with lakes that are 
closer to maritime monsoonal and cyclonic influences - lakes Gregory, Woods, 
Buchanan and Galilee - and with Lake Eyre, which has a > 1,300,000 km2 catchment 
that accesses rainfall from the far northern tropics, is significant. This classification for 
the most inland of Australia's salt lakes indicates that the Lake Lewis catchment is 
relatively effective in delivering available rainfall to the lake. This fundamental 
characteristic of Lake Lewis is underscored elsewhere in this thesis with respect to 
fluvial and lacustrine landscapes and hydrologic processes, past and present, in the 
basin. 
1.5. ABORIGINAL HISTORY 
Aboriginals have continuously occupied the central Australian ranges region for at least 
the past 35,000 years, including the period of full glacial aridity (Smith, 1989; Smith et 
al., 1997; M. Smith, National Museum of Australia, pers. comm., 1998). Population 
densities in central Australia in the recent past varied from perhaps as low as one person 
to 200 km2 in the sandy deserts to one person to 13 km2 in the ranges where water 
supplies are more reliable (Horton, 1994). Waterholes figure prominently in the culture 
of the central Australian groups. After rain, people spread out over the desert regions, 
utilising ephemeral water sources, retreating to permanent water holes in dry times 
(Horton, 1994). 
Evidence of Aboriginal habitation around Lake Lewis is abundant in the form of 
numerous artifacts scattered on playa-fringing dunes. These have been manufactured 
from local materials including Vaughan Springs quartzite from Stuart Bluff Range (Fig. 
2.1 ), silicified calcrete (described in Section 7 .3 .1.) from the lacustrine plain, and 
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calcrete nodules from indurated calcareous deposits in Causeway Bluff (Section 3.2.4), 
as illustrated in Plate 1.5. These artifacts are Late Quaternary assemblages. It is 
probable that Lake Lewis supported traditional lifestyles for periods of several weeks or 
months following inundation of the playa when brine shrimp populations and birdlife 
burgeoned. 
The Lake Lewis area is traditionally Anmatyerre (pronounced 'Anmatjeera') country; 
neighbouring peoples are the Warlpiri to the west, Kaytej and Alyawarre to the east, and 
Arrente (Aranda) and Luritja to the south, as illustrated in Figure 1.14 (Horton, 1994). 
By central Australian standards, Anmatyerre land is rich because of better watered areas 
in the ranges and a greater variety ofresources (Horton, 1994). 
The Overland Telegraph line was surveyed during 1870 and cattle were brought into the 
region the same year. Conflict between the Anmatyerre and early European settlers in 
their country decimated the population before the 20th century. Battles raged for 50 
years, beginning at Barrow Creek in 187 4 and ending at Coniston in 1928 (locations 
shown in Fig. 1.2); the Anmatyerre were generally outgunned and slaughtered (Horton, 
1994 ). The effects of drought in the 1880s also took its toll (Young, 1987). Mineral 
exploration in the Tanami in the early 1900s caused further conflict with Aboriginals 
occupying country between Alice Springs and the Western Australian border, 
particularly where water resources were scarce. By 1933 almost all Anmatyerre country 
had been alienated for pastoralism, although minor areas with less accessible water 
supplies were only claimed by grazing licences. Population dispersal followed conflict 
and many groups of Anmatyerre were forced to move to the pastoral properties; 
movement of the people about their territory was restricted and their ability to care for 
their land according to Aboriginal law was limited. 
Today the Anmatyerre are a comparatively small population, numbering only about 
1,400 people (Young, 1987). Linkages and interdependence between Anmatyerre and 
W arlpiri through intermarriage occurs and the two groups have similar social 
organisation and ritual responsibilities, although the languages of the two groups belong 
to different families, Arandic and non-Arandic (Young, 1987). 
Numerous dispossessed Anmatyerre, along with Warlpiri, Luritja and Pintupi people, 
were forced to cease their nomadic lifestyle, to live under white (kardiya) control and to 
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Plate 1.5. Artifacts on a playa-fringing dune, eastern Lake Lewis, representative of Late 
Quaternary assemblages. The artifacts are manufactured from local materials: nodular 
calcrete from the nearby Causeway bluffs, pink quartzite from Stuart Bluff Range to 
the north and silicified calcrete which outcrops within a 10 km radius of the playa. GR 
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Figure 1.14. Main groupings of Aboriginal people in central Australia (after Horton, 
1994). 
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be Europeanized at the Papunya government settlement (Figs. 1.2 and 1.5). In the early 
1970s, Geoffrey Bardon, a white teacher, fostered the 'Papunya Tula' art movement of 
the arid central and Western Desert regions. Traditional ritual designs and sand 
hieroglyphic mosaics that centred on ceremonial stories from the ancestors were 
produced using European materials. The 'Western Desert' art movement has since 
achieved high international acclaim, and many Anmatyerre people in outstations across 
the area are active and renowned artists. 
In recent years the Anmatyerre have recovered some of their country through purchases 
of properties and land claims. The largest Arunatyerre groups, some 450 to 500 people 
altogether, about 40% of the total population, live at two Aboriginal-owned stations, Mt 
Allan and Ti-Tree (Young, 1987). Mt Allan is 70 km north of Lake Lewis and Ti-Tree 
is 120 km northeast of Lake Lewis (localities shown in Fig. 1.2). 
More recently, Central Mount Wedge station, encompassing the western part of Lake 
Lewis basin, has been subject to a land claim under the Aboriginal Land Rights (NT) 
Act of 1976, the claimants being the Ngalurrtju Aboriginal Land Trust, comprising 
Warlpiri, Arunatyerre and Luritja traditional owners. In March 1998 the Aboriginal 
Land Commissioner recommended that the land should be granted freehold to the 
traditional owners, and in March 1999, the Minister for Aboriginal and Torres Strait 
Islander Affairs accepted that recommendation. On July 1999, the Governor-General 
delivered a deed of grant to the Ngalurrtju Aboriginal Land Trust. Central Mount 
Wedge station is now Aboriginal land under unalienable freehold title (T. Keyes, 
Central Land Council, written communications, 1999). 
The totemic Dreaming (Jukurrpa) map of the traditional Napperby lands drawn by the 
Anmatyerre Aranda group custodians, Johnny Lynch Tjapangati (deceased), Tim Leura 
Tjapaltjarri (deceased) and Clifford Possum Tjapaltjarri, has been provided for the 
present thesis by Geoffrey Bardon, and is presented in Figure 1.15. 
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1.6. EARLY EXPLORATION AND PREVIOUS INVESTIGATIONS 
1.6.1. Early exploration 
The following outline of early exploration in the Lake Lewis area and surrounding 
region is drawn largely from Feeken and Feeken (1970). 
John McDougall Stuart crossed Burt Plain east of Lake Lewis in 1860 on his first 
attempted transcontinental crossing of the continent. From Mt Hay he followed what is 
now known as Charley Creek to Mt Harris (Fig. 1.5) then travelled 150 km further north 
to Central Mount Stuart at Australia's geographic centre (originally named Central 
Mount Sturt by Stuart, after the pioneer explorer Captain Charles Sturt, but the peak 
was later renamed after John McDougall Stuart). On his third and successful expedition 
to cross the continent and under the auspices of wealthy South Australian landowners, 
James Chambers and William Finke, Stuart again crossed Burt Plain in 1862. 
In 1873, Colonel Peter Egerton Warburton explored west of the Overland Telegraph 
Line in search of pastoral areas between Alice Springs and the Western Australian 
coast. John W. Lewis accompanied Warburton on this expedition. From Burt Creek 
(Fig. 1.5) the party turned west and followed the northern plains along the MacDonnell 
Ranges. They passed Mt Zeil to the north and used what is now called Dashwood Creek 
as a base camp for exploration into the ranges to the headwaters of the Finke River 
(Figs. 1.5 and 1.6). From Haast Bluff, the party turned north across the sand ridges to 
Central Mount Wedge. They spent two days surveying at Central Mount Wedge, some 
50 km west of Lake Lewis, before proceeding north across spinifex plains, then 
westward, ultimately to the Oakover River in WA. On several occasions Lewis saved 
the party from perishing on that epic journey. Lewis subsequently surveyed the shores 
and country around Lake Eyre during 1874-75. 
Pastoral lands west of the MacDonnell Ranges were also sought in 1873 by William 
Christie Gosse. He followed the telegraph line for a hundred miles north of Alice 
Springs, then followed Reynolds Range (Fig. 1.5) westward, connecting at right angles 
with Warburtons' route at Central Mount Wedge. Gosse continued south-westward 
from Central Mount Wedge to Mt Liebig then south to link with the 1872 route of 
Ernest Giles to the George Gill Range, Lake Amadeus and Ayers Rock (localities 
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labelled in Fig. 1.2). Arthur Giles crossed the continent 5 or 6 times from Adelaide to 
Port Darwin in the 1880s. 
The Central Australian Exploring and Prospecting Association Expedition in 1889 was 
led by William Henry Tietkens who followed the route of Warburton along the northern 
plains abutting the MacDonnell Ranges as far west as Mt Zeil. The party then explored 
the ranges between Mt Zeil and Mt Sonder (labelled in Fig. 1.6) before striking out west 
to Lake Macdonald on the WA border. Tietkens' expedition report did not stimulate any 
large-scale exploration for minerals in the region. 
The first scientific expedition to central Australia, the 'Hom Scientific Exploring 
Expedition', was led by Charles G. A. Winnecke in 1895. The expedition mostly 
explored south of the MacDonnell Ranges, and generally followed the routes of Stuart, 
Giles and Gosse. However, in pursuit of natural history, the expedition split into 
independent groups and explored areas that had not previously been visited by non-
Aboriginals. Their expedition map denotes the plains to the immediate north of the 
MacDonnell Ranges as "splendidly grassed" (Spencer, 1896) which attracted 
pastoralists to the Burt Plain area from the turn of the century onwards. Interest in the 
mineral potential of the Tanami area commenced around 1900. The 'Tanami Track' later 
became an important cattle droving route between WA and Alice Springs along which a 
series of government wells were sunk in the late 1930s, including Tilmouth Well, just 
north of Lake Lewis, and Mt Chapple Bore at the eastern end of the Mt Chapple range. 
1.6.2. Place names 
Information about the main place names in the study area has been obtained through 
written communications with the Place Names Committee of the NT (1994-1998), and 
the Central Australian Dictionaries Program, Institute for Aboriginal Development 
(1998). 
Lake Lewis was officially named in 1981 following a recommendation from the Bureau 
of Mineral Resources and the Place Names Committee of the NT, in honour of John 
Lewis, the SA Explorer who had accompanied Colonel Warburton on his expedition 
through the area in 1873. The salt lake had no official name previously although was 
colloquially known as Napperby Lake, with reference to Napperby Station on which it 
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is located. The name Napperby was given to the property by the pastoralist, John 
Bathem, who established the station about 1909. Bathem originated from Napperby 
locality near Port Pirie, SA, and the name Napperby is believed to have been derived 
from the name of the ketch "N apperby" trading between Port Pirie and Adelaide. 
The Anmatyerre name for Lake Lewis has not been officially documented (G. Breen, 
Institute for Aboriginal Development Inc., written comm., 1998). Local Anmatyerre 
residents refer to the lake as 'Eleura' (Anmatyerr spelling unknown), and the lake is 
named 'Makalsal' in Tim Leura Tjapangati's Dreaming map (Fig. 1.15). 
The MacDonnell Ranges and Mt Hay were named by John McDougall Stuart in 1860 
after the SA Governor, Sir Richard MacDonnell and Alexander Hay of Adelaide. The 
name Stuart Bluff Range first appeared on the South Australian pastoral map series in 
1910, named after John McDougall Stuart. Central Mount Wedge was named by P.E. 
Warburton, because it bore a resemblance to Mount Wedge Island in WA. The 
Anmatyerre people refer to Central Mount Wedge by its Warlpiri name, 'Karrinyarra', 
and regard it as a Warlpiri place (Anmatyerr spelling, 'Karrenyarr', sometimes spelt 
Currinya on maps). 
Day Creek is probably named after Theo Day, Chief Surveyor in 1916. Gidyea Creek is 
named after gidgee acacia trees that resemble mulga (e.g., Acacia georginae). Derwent 
Creek was named by Warburton in 1873, possibly after Darwent, the Overland 
Telegraph Line contractor. Narwietooma station was named by the first pastoralist that 
settled the property, E. Connellan, when the station was established in 1946. 
Ernest Giles named Mt Zeil in 1870 after Count Waldburg-Zeil, a German explorer. Mt 
Chapple was named by Dr Chewings in 1885 when he explored the MacDonnell 
Ranges. Burt Plain commemorates the name of A.G. Burt, one of the early Overland 
Telegraph Line explorers in 1871. Tilmouth Well and One Pound Jimmy Bore are 
named after Anmatyerre men from the area. The Tanami area was named in 1900 by 
Allan Davidson, after the Aboriginal name for the rockholes there. 
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1.6.3. Previous investigations 
Following the 1895 Hom Expedition to central Australia (Spencer, 1896), which only 
traversed the southern part of Lake Lewis basin, adjacent to the MacDonnell Ranges, 
the first substantial scientific investigations in the region were carried out in 1956-57 by 
the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and 
reported by Perry et al. (1962). This report is a compendium of papers and maps on the 
land systems, geology, geomorphology, water resources, soils, vegetation, natural 
pastures and potential land use of the Alice Springs area. The geomorphology paper in 
this volume was written by Mabbutt (in Perry et al., 1962) who subsequently wrote 
benchmark essays on landform evolution in the Western MacDonnell Ranges (Mabbutt, 
1965; 1966 and 1967) and on the general arid zone landscape in central Australia 
(Mabbutt, 1968; 1969 and 1971). 
The geology of the region was described by Quinlan and Forman (1968) and Wells et 
al. (1970). The 1985 Bureau of Mineral Resources (BMR) deep-seismic reflection 
survey crossed Lake Lewis basin north-to-south and was the basis of reports dealing 
with the nature of crustal-scale structures in central Australia (e.g., Goleby et al. , 1989). 
The Australian Geological Survey Organisation (AGSO, formerly the BMR) 1 :250 000 
scale geology sheet for NAPPERBY was compiled by Stewart (1982) and for 
HERMANNSBURG by Warren and Shaw (1995). The emphasis in these maps and the 
accompanying Explanatory Notes is on Proterozoic and Palaeozoic geology, with only 
limited descriptions of the Cainozoic sediments that cover at least 50% of the map 
areas. 
In 1981, the SLEADS program (Salt Lakes, Evaporites and Aeolian DepositS) was 
initiated jointly by the Research School of Earth Sciences and the Department of 
Biogeography and Geomorphology at the Australian National University (Ai"'JU). An 
aim of the program was to redress the deficiency of studies of continental systems 
relative to major developments in the ocean basins by assembling data from Australia's 
inland depositional systems (Chivas and Bowler, 1986). The SLEADS program also 
sought to take advantage of the continent's unique sampling potential for the Southern 
Hemisphere for evidence of climate change, groundwater-surface water interactions, 
geochemical and biological evolution and vegetation history preserved in salt lake 
systems and aeolian facies of inland Australia (Chivas and Bowler, 1986). The drilling 
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activities of the SLEADS program ran from 1981to1984, with work on some of the 
SLEADS initiatives continuing to the present. Benchmark papers on Australian salt 
lakes by Bowler (1981; 1986) and De Deckker (1983; 1988) are central to the SLEADS 
research program. Results of work carried out during - or originating from - the 
SLEADS program has been documented from several Australian salt lakes: Lake Frome 
(Bowler and Magee, 1988; 1991), Lake Tyrrell (Bowler and Teller, 1986; Teller et al., 
1982), Lake Gregory (Bowler, 1990; Bowler et al., in press), Lake Amadeus (Chen, 
1989; Chen et al., 1993), Lake Eyre (Magee, 1997; Magee et al., 1995), Willandra 
Lakes (Bowler, 1998), Lake Buchanan (Chivas et al.,1986), and Lake Woods (Bowler et 
al., 1998); the localities ofthese lakes are shown in Figure 1.l(a). As part of the 
SLEADS drilling program, nine drill-cores were recovered from Lake Lewis in 1984. 
These 'Napperby' cores were field logged by J. Magee and P. De Deckker; no further 
analysis of or reporting from this preliminary work at Lake Lewis was completed. The 
present PhD project stems from the SLEADS reconnaissance work at Lake Lewis and 
attempts to address several research needs that were identified following the early years 
of the SLEADS program (Torgersen et al., 1986). Recommendations for future salt lake 
work that were flagged by Torgersen et al. (1986) which this PhD project adopts 
include: tectonics and geomorphology, hydrogeology and hydrochemistry, the 
interaction of groundwater and surface water, and diagenesis of sediments and 
mineralogy. 
The evolution of calcrete in palaeodrainages of the Lake Lewis ('Lake Napperby') area 
was described by Arakel ( 1986). Secondary uranium ( carnotite) mineralisation of 
Australian inland drainage basins, including Lake Lewis area, was described by Arakel 
( 1988). 
Senior et al. (1994; 1995) describe the Cainozoic basins east of Alice Springs, namely 
the Hale, Waite, Ti-Tree and Aremra basins (Fig. 1.3), based on BMR drill-core 
obtained during mapping ofrespective 1:250 000 geology sheets in the area. The 
Tertiary chronology of these basins is based on palynological work by Kemp (1976; 
1978) and Truswell and Marchant (1986). Senior et al. (1994; 1995) identified other 
Cainozoic basins in central Australia that have not been investigated and reconunended 
further research into Cainozoic geology of the region, including: stratigraphy and 
petrography, neotectonism, the relationships of Cainozoic basins and (if present) 
underlying Mesozoic basins, palaeogeographic and palaeoclimatic reconstructions, 
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groundwater storage and recharge potential, regolith and landscape evolution studies, 
and dating of Cainozoic sediments. In their preliminary map of the distribution of 
Cainozoic basins in central Australia, Senior et al. (1994; 1995) show Mount Wedge 
basin encompassing the Lake Lewis catchment to the east. The present study 
discriminates two separate Cainozoic basins, Mount Wedge and Lake Lewis (Figs. 1.3 
and 1.5), although they shared a common Tertiary evolution and a parallel Quaternary 
evolution (Chapters 2 to 5). 
Following from the work of Senior et al. (1994; 1995), palynological investigations of 
drill-core and water borehole cuttings from several of the central Australian Cainozoic 
basins was carried out by Macphail (1996; 1997). This includes intervals from two> 150 
m drill-cores from Burt basin and cuttings from a water borehole in Mount Wedge 
basin, adjacent to the western boundary of Lake Lewis basin. This palynological work, 
along with that of Kemp (1976; 1978) and Trusswell and Marchant (1986), cited above, 
are referred to further in Chapter 2 of this thesis. 
Chen et al. (1995) describe the geomorphology and thermoluminescent chronology of 
Late Pleistocene aeolian deposits within and surrounding Lake Lewis, referred to further 
in this thesis in Chapters 3, 8 and 9. 
Pastoral land resources of Amburla Station have been mapped and reported by Grant 
(1989). The NT Department of Mines and Energy hold open-file reports on NT mineral-
and hydrocarbon-exploration tenements at the NT Geological Survey library in Alice 
Springs. Water bore data, including drillers logs, reports and hydrochemical analyses, 
are held by the Natural Resources Division of the NT Department of Lands, Planning 
and Environment in Alice Springs. 
1.7. THESIS FORMAT 
The thesis is sub-divided into four parts consisting of two or three chapters each: 
• PART 1: INTRODUCTION AND EARLY GEOLOGIC EVOLUTION contains 
Chapter 1, this Introduction, to provide background information and set the scene 
for the multi-disciplinary research components, and Chapter 2 which describes the 
early geology and tectonic evolution of Lake Lewis basin. Chapter 2 amalgamates 
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existing information and theories on the geology of the region with new data and 
new interpretations from the present study. This chapter fills a gap between bedrock 
geology and surficial land unit information for the area and provides a foundation 
for detailed investigation of the Quaternary environment. 
• PART 2: UPPER QUATERNARY SITES contains Chapters 3 and 4 that present 
descriptions of investigated sites across the basin, and Chapter 5, which presents 
reconstructions of basin-scale environments that encompass the sites described in 
the preceding chapters. Chapter 3 comprises descriptions of sites from within and 
immediately surrounding Lake Lewis, including drill-core, playa islands, shoreline 
features, and the playa surface itself. Chapter 4 encompasses sites located elsewhere 
within the lacustrine plain, away from the playa, and sites across the alluvial plain, 
as represented by drill-cores, auger holes, excavated profiles and natural exposures. 
All three chapters include detailed geomorphic maps, interpreted from aerial 
photographs, to provide a spatial frame of reference for stratigraphic and 
sedimentological descriptions and palaeoenvironmental interpretations. Palaeolake 
and palaeodrainage reconstructions in Chapter 5 are additionally based on 
interpretations from remotely-sensed data sets in order to present a basin-scale 
perspective. This synoptic information is subsequently used at the end of Chapter 5 
to reconstruct the palaeohydrologic conditions and key evolutionary sequences 
represented at Lake Lewis. 
• PART 3: HYDROLOGIC PROCESSES AND SEDIMENT DIAGENESIS: The 
surface hydrology and groundwater system of the basin are described in Chapter 6, 
including hydrophysical and hydrochemical data to characterise the hydrological 
processes operating within the basin. Sediment-water interactions are described and 
discussed in Chapter 7, on diagenesis. The latter chapter describes diagenetic 
minerals identified in sediments from a variety of environments in the basin and 
includes new findings for the Australian arid zone; the genesis of the distinctive 
minerals is discussed in detail. 
• PART 4: CHRONOLOGY AND SYNTHESIS consists of Chapter 8 on the Late 
Quaternary chronology for the basin, and Chapter 9, as a concluding chapter, 
summarises the geological and palaeoenvironmental evolution of the basin. Chapter 
8 describes in detail the methodologies utilised to constrain the ages of key 
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sedimentary units and presents the results of this analysis. In Chapter 9, the 
chronological data from Lake Lewis basin is compared with age data from other 
Australian salt lake basins and other inland sedimentary settings. The concluding 
chapter includes a summary of the main findings of this research project, and places 
the significance of the study in the broader context of palaeoenvironmental 
evolution within inland Australia, and also suggests directions for future work 
stemming from the present reconnaissance study. 
• Appendix 1 outlines geophysical and drilling techniques utilised in the field. 
Appendix 2 details the laboratory methods used for geochemical and mineralogical 
analysis of sediments, and for hydrochemical analysis of groundwaters and brines. 
Appendix 3 describes the chronologic methods employed, and Appendix 4 contains 
water bore data. 
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2.1. INTRODUCTION 
Lake Lewis basin overlies and is surrounded by diverse geologic units of the Lower 
Proterozoic Arunta Complex and the Late Proterozoic-Palaeozoic Amadeus and Ngalia 
basin successions. Typical of desert and semi-desert regions, outcrop is commonly 
excellent, owing to the absence of soil on bedrock exposures, particularly because the 
relief of the mountain ranges is characteristically steep. Overlying sediment 
accumulations and sand dunes are minimal away from the depocentres. Thus, although 
the geology of the region is complex, it is generally well-exposed and has been well-
mapped, as summarised below. 
The geomorphic grain of the region is structurally-influenced, and fundamental 
Cainozoic features, such as the topography, the drainage networks and the location and 
morphology of lakes, strongly reflect the underlying basement and broad-scale 
morphotectonic configurations. The close relationship between the main 
geomorphologic elements and geologic structure of central Australia was noted by 
Mabbutt (1966, 1967, 1968 and 1969). This fundamental observation is reinforced by 
data collected and interpreted for the present study. Thus, this chapter integrates 
published information and newly-acquired data sets and interpretations to develop a 
picture of the evolution of Lake Lewis basin. The objective is twofold: to elucidate 
Tertiary processes in central Australia in their own right - since little previous work of 
this type has been conducted to date, and none in Lake Lewis basin - and to provide a 
foundation for detailed investigations of more surficial environments in the basin. 
Understanding the early evolution of the basin is essential to an appreciation of the 
Quaternary geology, geomorphology and modem environmental and hydrologic 
processes. 
The regional geologic and tectonic framework and the local bedrock geology is 
described in Section 2.2, based on published information. The diverse bedrock types 
within the Lake Lewis basin catchment influence the nature and distribution of near-
surface and surficial alluvial and aeolian deposits in the basin. The main lithologies are 
briefly described in Section 2.2. l to provide background information for subsequent 
chapters that trace provenance areas for Quaternary sediments. Further, the mineralogy 
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and chemistry of igneous, metamorphic and ancient sedimentary rocks in the catchment 
influence the composition of groundwaters within the basin and affect diagenetic 
processes that result from sediment-water interactions. The overview of representative 
rock types, below, aids an understanding of distinctive modem chemical processes in 
basin sub-environments, dealt with later in this thesis. 
The present investigation was greatly aided by the availability of high-resolution 
airborne magnetic survey data, flown in late 1997 by the NT Department of Mines and 
Energy. This has enabled detailed interpretation of basement structures, particularly 
those beneath Cainozoic sediments, presented in Section 2.2.2. An overview of the 
Alice Springs Orogeny (ASO) and its effects in terms of geologic and geomorphic 
structural control of the area is provided in Section 2.2.3 to set the scene for 
understanding the subsequent genesis of Lake Lewis basin. 
Seismic reflection data from the 1985 BMR (Bureau of Mineral Resources) seismic line 
that transects the basin north-to-south, was made available by B. Goleby, AGSO, for the 
present study and are presented and interpreted in Section 2.3. Additionally, the NT 
Department of Lands, Planning and Environment took geophysical soundings at 
scattered sites across the southern part of Lake Lewis basin for depth-to-basement 
calculations for this study (Appendix Al.1 ). These geophysical data sets, combined 
with lithostratigraphic information from exploration drill-holes (cuttings logged at the 
NT Geological Survey, Department of Mines and Energy, Alice Springs) and water 
boreholes (cuttings logged at the Natural Resources Division, NT Department of Lands, 
Planning and Environment, Alice Springs), have enabled representation of the 
architecture of Lake Lewis basin in three dimensions. The depth to basement 
information enables a reconstruction of the plan and profile of the basin. These data sets 
are collated in Section 2.3 to provide a framework for theoretical consideration of basin 
initiation, evolution and sedimentation patterns. 
Post-Palaeozoic geologic events and processes for the region are briefly considered in 
Section 2.4 to set the scene for Cainozoic evolutionary events and trends. Post-ASO 
geomorphic structuring and key aspects of the Permian Period and the Mesozoic Era are 
overviewed in Section 2.4.1 . Lake Lewis basin is here regarded as part of a tectonically-
initiated Cainozoic basin-and-range province. Basin formation is attributed to minor 
tectonic or epeirogenic processes involving reactivation of ancient structures, with both 
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the sedimentation patterns and geomorphic configuration seen as strongly structurally-
controlled. Cainozoic basin initiation and early basin evolution are discussed in Section 
2.4.2. Basement rheological modelling of Beekman et al (1997) of fault-bounded 
Arunta Complex basement blocks provides a basis for understanding intermontane 
basin development in the central Australian uplands. This model has promoted further 
consideration in the present study of the evolution of hinterland drainage patterns that 
fed surface waters and sediments into the early Lake Lewis basin, discussed in Section 
2.4.2. 
Tertiary subdivisions used in this thesis are given in Table 2.1. Tertiary sedimentation 
patterns in Lake Lewis basin are described in Section 2.5, based mostly on unpublished 
exploration reports, logged drill-hole cuttings and extrapolation from neighbouring 
Cainozoic basins, Burt, Mount Wedge and Witchetty basins in particular (Figs. 1.3 and 
1.5). Age constraints are provided by sparse palynological data for the central 
Australian region. Also included in Section 2.5 is a description of chalcedonic mesas in 
the Mt Hay area, and a discussion of their genesis and likely age. An overview of 
Cainozoic palaeoclimatic constraints is provided in Section 2.5.3. 
Structural influences on current geologic and hydrologic processes in Lake Lewis basin 
are considered in Section 2.6, and are limited to airborne magnetic anomalies and 
geomorphic features mapped in the field and sparse earthquake data. The interpretation 
of the early geologic and tectonic evolution of the basin is summarised in Section 2.7. 
This chapter provides a framework for more detailed investigation of the surficial 
environments of the basin, where the effects of climate change - rather than geologic 
structure - are paramount. The latter include: Chapter 3, Lake Lewis playa; Chapter 4, 
the lacustrine and alluvial plains; and Chapter 5, Quaternary palaeolake reconstructions. 
The bedrock geology and the overall Cainozoic evolution and constitution of the basin 
are, moreover, highly relevant to understanding the surface hydrology and the aquifer 
system and groundwater processes, which are described and discussed in detail in 
Chapter 6. 
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2.2. BEDROCK GEOLOGY AND TECTONIC FRAMEWORK 
2.2.1. Bedrock geology 
Previous geological studies in the region were carried out by Ward (1925), Mawson and 
Madigan (1930), Madigan (1931, 1932, 1933), Quinlan (1962), Quinlan and Forman 
(1968) and Wells et al. (1970). The Hermannsburg 1 :250,000 geology sheet was 
mapped by Quinlan and Forman (1968) and Warren and Shaw (1995), and the 
Napperby 1 :250,000 geology sheet by Stewart (1982). A synopsis of the contiguous 
halves of the two 1 :250,000 geology sheets is shown in Figure 2.1. Lake Lewis basin 
overlies three major tectonostratigraphic subdivisions, the Arunta Craton, or Inlier, and 
the Amadeus and Ngalia basins, as outlined in Figure 2.1 . 
Arunta Complex basement rocks in the Lake Lewis area are part of the extensive 
Proterozoic Arunta Inlier, which extends over much of the southern half of the NT, 
spanning a distance of >900 km east-to-west, and >300 km north-south. The Arunta 
Inlier has had a complex history of plutonism, metamorphism and deformation (Shaw et 
al., 1984; Stewart et al. , 1984). Metamorphic rocks from greenschist to granulite facies 
are intruded by Proterozoic granites and mafic igneous rocks (Black and Shaw, 1995). 
A series of major deformational events spanned the Proterozoic and subsequent major 
tectonism occurred in the Late Palaeozoic, the Alice Springs Orogeny, 400-300 Ma 
(Collins and Shaw, 1995). The Arunta Inlier is divided into the Northern, Central and 
Southern provinces: the boundary between the Northern and Central provinces underlies 
Lake Lewis, and the boundary between the Central and Southern provinces is defined 
by the Redbank Thrust Zone, described below. 
The Late Proterozoic to Palaeozoic Amadeus and Ngalia basins overlie the Arunta Inlier 
(Fig. 2.1). The petroleum potential of these two basins has, in recent decades, generated 
numerous geophysical surveys and detailed study of their sedimentary evolution as 
reported by Korsch and Kennard (1991) and Wells and Moss (1983). Many of the 
Amadeus Basin units can be correlated with units in both the Ngalia Basin and the 
Georgina Basin to the northeast, indicating a common sedimentary history over a large 
region (Wells and Moss, 1983; Shaw, 1991 ; Shaw, 1994). 
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Figure 2.1. Bedrock outcrop map for Lake Lewis basin, redrawn from the NAPPERBY 
(Stewart, 1982) and HERMANNSBURG (Warren & Shaw, 1995) 1 :250 000 geology maps. 
The main geologic provinces are outlined with thick dotted lines and labelled in the small 
map. The area of Fig. 2.19, the Mt Hay area in the southeastern part of the basin, is outlined 
in the small map. See also Fig. 6.1 where both the contrasting topography of and the 
distinctive gamma-radiation from each bedrock type is evident. 
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Major igneous, metamorphic and sedimentary units within Lake Lewis basin, as 
mapped by Warren and Shaw (1995) and Stewart (1982), are labelled in Figure 2.1. The 
Chewings Range Quartzite rises above the general summit level of the MacDonnell 
Ranges and extends from near Alice Springs in the east to Mt Giles, overlooking 
Ormiston Pound, in the west (labelled in Fig. 1.5; see also Fig. 6.1 for a perspective of 
the relatively high relief of quartzite units). The Bunghara Metamorphics form ranges 
along the northern edge of the MacDonnell Ranges and the massif of Mount Heuglin, 
west of Mt Zeil, and extend further east towards Alice Springs. Mafic granulites 
predominate, with some gametiferous felsic migrnatites (Warren and Shaw, 1995). The 
Mount Chapple Metamorphics are layered metamorphics with minor orthopyroxene-
bearing granite. An eastern outlier of mafic granulite from the Mount Chapple 
Metamorphic complex is illustrated in Plate 1.4. The Mount Hay Granulite is rnafic 
granulite with minor leucogabbro-anorthosite (Warren and Shaw, 1995). The Forty-five 
Augen Gneiss at Redbank Hill consists oflarge K-feldspar augen in a foliated matrix 
(Plate 4.11 ), and is cut by major fault zones (Warren and Shaw, 1995). The Mount Zeil 
Granite, composed of migrnatitic granodiorite with some pegmatites, forms Mount Zeil 
and is sharply cut by faults of the Redbank Thrust Zone. In particular, the southern face 
of the massif exposes some 500 vertical metres of a steeply-dipping fault plane 
(personal observation, 1996). The widespread Teapot Granite Complex, in the core of 
the MacDonnell Ranges, is uranium-rich quartzofeldspathic gneiss intruding 
metamorphics (Warren and Shaw, 1995). Most of these igneous and metamorphic rock 
types are sharply separated from each other by faults and mylonite zones associated 
with the Redbank and Harry Creek thrust zones although subordinate intrusive 
relationships are also represented. In the Northern Arunta province, north of the Ngalia 
Basin, the Reynolds Range and adjacent parallel ranges are composed of pelitic schist, 
felsic gneiss and granites (Stewart, 1982). 
The basal unit of the Amadeus Basin sequence is the erosion-resistent Late Proterozoic 
Heavitree Quartzite, which forms prominent ridgetops, including the Heavitree Range 
(labelled in Figs. 1.5 and 6.1, with the relative relief emphasised in the latter), marking 
the northern edge of the Amadeus Basin. Ormiston Pound (Fig. 1.5), in the heart of the 
MacDonnell Ranges, is encircled by steep ridges of both Chewings Range Quartzite (in 
the east) and Heavitree Quartzite (in the west and south). Heavitree Quartzite caps the 
prominent peak ofHaast Bluff, where it overlies Arunta Complex gneissic granite in the 
southwestern corner of the study area. In the Amadeus Basin succession, Heavitree 
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Quartzite is overlain by the topographically recessive Bitter Springs Formation which is 
composed of Proterozoic carbonates, evaporites and shales (Warren and Shaw, 1995). 
The floor ofMereenie Valley (Fig. 1.5; Plate 2.1) is underlain by Bitter Springs 
Formation. The overlying succession of Late Proterozoic and Palaeozoic Amadeus 
Basin sediments is well exposed south ofMereenie Valley as steeply dipping east-west-
striking units (Plate 2.1), that young to the south. The Bitter Springs Formation is 
overlain by the Areyonga Formation, representative of Proterozoic glaciogene deposits 
that stretch from the Kimberley region to Tasmania (Wells et al., 1970). The 
southernmost ranges are flanked by intricately-incised piedmont alluvial fans of the 
Devonian Brewer Conglomerate (labelled in Fig. 2.1 ). This polymictic boulder molasse 
forms a dense array of hundreds of subconical hills separated by trellis drainage patterns 
that make up the distinctive Pertnjara Hills (see also Fig. 6.1). The crest of the western 
Pertnjara Hills is the divide separating northward-flowing tributaries of the Derwent 
drainage system and southward flowing tributaries that coalesce on Missionary Plain 
near Gasses Bluff to feed the Finke River to the east. 
North of Lake Lewis, the basal unit of the Ngalia Basin succession is the Vaughan 
Springs Quartzite, which forms the prominent east-west-striking ridgetop of Stuart Bluff 
Range, overlying Arunta Complex granite-gneiss that is well-exposed along the 
southern flanks of the range (e.g., Plate 1.3). The Vaughan Springs Quartzite is a 
correlative of the Heavitree Quartzite of the Amadeus succession, and, along Stuart 
Bluff Range, the quartzite forms cuestas that rise to 180 m above the abutting plain. The 
quartzite cuesta slopes dip approximately 20° northward along the 120 km strike length 
of the range, although near Central Mount Wedge peak to the west where the range has 
a north-south trend (Fig. 1.5; Plate 1.3), the cuesta slopes dip northwestward to 
westward. 
2.2.2. Airborne magnetic data 
Figure 2.2 shows the 1997 NT Department of Mines and Energy airborne magnetic 
image for the contiguous halves of the Napperby and Hermannsburg 1:250,000 map 
areas. The imagery has been interpreted for the present study, with numerous faults, 
joints and structures depicted in red on the overlay (Fig. 2.2). East-west-striking 
structures predominate, although structural trends from beneath the eastern half of Lake 
Lewis basin are long-wavelength curvilinear ENE-W-striking zones that converge 
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asymptotically westward beneath the southwestern part of the basin, north ofHaast 
Bluff. Intricate cross-cutting networks of interpreted faults underlie the area to the 
immediate east of Lake Lewis (enlarged in Figs. 2.5 and 2.11 and discussed in Section 
2.4.1 ). Few basement structures are evident west of Lake Lewis. 
The airborne magnetic image elucidates the trends, extents and complexity of the major 
thrust zones within the southern part of the area that Warren and Shaw (1995) mapped 
and named, their interpretations being based on bedrock outcrop and coarse-resolution 
airborne magnetic data. The main zones, reinterpreted for the present study from the 
1997 high-resolution airborne magnetic data, are summarised in Figure 2.3: Redbank 
Thrust Zone, Harry Creek Thrust Zone and Desert Bore Thrust Zone. These names are 
adopted from Warren and Shaw (1995), although the disposition of the zones 
interpreted in the present study differs from the mapping of the earlier workers and the 
complexity of the fault zones is clarified considerably from the detailed imagery. The 
prevalent east-west structural trends - predominantly faults - of the Redbank Thrust 
Zone within the headwater catchments of Derwent and Dashwood creeks in the 
MacDonnell Ranges are illustrated in Figure 2.4. The BMR 1985 Arunta seismic 
traverse section reveals the three thrust zones - Redbank, Harry Creek and Desert Bore 
- all dipping northward, parallel with each other and extending to >20 km depths to 
form imbricate fault slices (Goleby et al, 1989; Wright et al., 1991). 
The present study maps the subsurface 'Lake Lewis Fault Zone' from the high-resolution 
1997 airborne magnetic data (Figs. 2.3, and enlarged in Fig. 2.5). This refines earlier 
recognition of a fault and basement lithological contact beneath Lake Lewis by Stewart 
(1982) that was based on coarse-resolution airborne magnetic data. The WNW-ESE-
striking Lake Lewis Fault Zone underlies the southern edge of Lake Lewis playa and 
continues eastward in a broad-scale arc to join with the ENE-WSW-striking Mount 
Harris Thrust Zone. The latter was originally identified by Shaw et al. (1992) from 
coarse-resolution airborne magnetic data, and is refined in the present study, labelled in 
Figure 2.3. Lake Lewis Fault Zone and Mount Harris Thrust Zone form a continuous 
convex-south structure. The interpreted fault zone clarifies the boundary between the 
Central and Northern provinces of the Arunta Inlier that was originally based on 
metamorphic facies and coarse-resolution airborne magnetic data (Stewart, 1982). At 
depth, the Lake Lewis Fault Zone is faintly visibly in the BMR seismic section (Goleby 
et al, 1989; Wright et al., 1991 ; Braun and Shaw, 1998), dipping northward, parallel to 
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Figure 2.2. Greyscale airborne magnetic image of the southern half of the NAPPERBY and 
northern half of the HERMANNSBURG 1 :250 000 sheet areas. Data provided by the NT 
Department of Mines and Energy. Airborne survey specifications: Flown Sept/Nov 1997 by 
Kevron Geophysics Pty. Ltd.; flight line direction 000-180°; flight line separation 400 m; tie-
line direction 090-270°; tie-line separation 4000 m; terrain clearance 60 m (MTC). Processing 
specifications: Diurnal variations removed; IGRF (1995) updated to 1997; a constant of 5000 
nT has been added to residual; grid mesh 100 x 100 m; sun angle azimuth 045°; sun angle 
elevation 045°. Overlay interpreted for the present study: faults, lithological contacts and other 
structures shown in red; Lake Lewis and main creeks shown in blue. Close-ups of areas of 
specific interest are shown in Figs. 2.5, 2.12, 2.13, 2.20 and 2.21. 
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sub-parallel with the Redbank, Harry Creek and Desert Bore thrust zones to the south, 
and extending to a depth of 20 km beneath the southern margin of the N galia Basin 
(Fig. 2.4). 
The interpreted Lake Lewis Fault Zone coincides with the 'G3' WNW-striking 
continent-scale lineament of O'Driscoll (1990). The major quadrilinear lineament 
system across the Australian continent, comprising dominant WNW, NNW, Nl\TE and 
ENE lineament trends or corridors, has been interpreted from coinciding deep crustal 
Bouguer gravity data and exposed geologic and geomorphic elements and commonly 
corresponds with linear changes in rock compositions, structures and stratigraphic styles 
(O'Driscoll, 1990). Reactivation of structures along the mega-lineaments influence 
meso- and micro-scale processes within the corridors (O'Driscoll, 1990). 
2.2.3. Alice Springs Orogeny and geomorphic structuring 
Alice Springs Orogeny 
The major east-west-striking fault zones and folds of the region are a legacy from the 
Alice Springs Orogeny (ASO) that persisted for approximately 100 Ma, from the Mid-
Devonian to the end of the Carboniferous (400-300 Ma). The ASO has been 
documented by Shaw and Black (1991), Shaw et al. (1992), Shaw et al. (1992), Dunlap 
and Teyssier (1995) and Warren and Shaw (1995), among other workers. It was a major 
compressional event that involved regional-scale folding, thrusting and overall cratonic 
uplift, with up to 100 km of north-south crustal shortening (Veevers, 1984; Warren and 
Shaw, 1995). Gravity data for the region reveal a pronounced Bouguer gravity anomaly 
beneath Lake Lewis basin, the Papunya Regional Gravity Ridge (Shaw et al., 1984; 
Lambeck, 1991; Wright et al., 1991 ). The gravity high reflects a 60 km thick crustal 
slab of mafic amphibolites of the Central Arunta Province that have been uplifted along 
the Redbank Thrust Zone and related imbricate faults (Shaw 1991; Braun and Shaw, 
1998). 
The ASO reactivated Proterozoic basement structures, particularly the Redbank Thrust 
Zone; nappes and thrust sheets moved southwards, and decollement was propagated 
along salt layers of the Bitter Springs Formation (Warren and Shaw, 1995). Large 
volumes of syn.kinematic sediments were generated from the rapidly uplifted orogenic 
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Figure 2.3. Main fault zones in the study area (grey shaded zones), interpreted from 1997 
airborne magnetic imagery (Fig. 2.2). LLFZ - Lake Lewis Fault Zone; MHfZ- Mount Harris 
Thrust Zone; DBTZ - Desert Bore Thrust Zone; HCTZ - Harry Creek Thrust Zone; and RTZ -
Redbank Thrust Zone. Individual faults and structures shown as black lines; Lake Lewis and 
main creeks shown in thin black lines; BMR 1985 Seismic Line, dashed line; peaks and 
inselbergs shown as small triangles. Lake Lewis Fault Zone is shown enlarged in Fig. 2.5. 
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Figure 2.4. Faults and trends of structures, interpreted from airborne magnetic data and air 
photographs, in the upper catchments of Derwent and Dashwood creeks. Faults are shown as 
thick grey lines, the main divides as dotted lines and main peaks as small triangles. Small dots 
correspond with localities named in Fig. 1.6(a), and drainage detail is shown in Fig. 1.6(b). 
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Figure 2.5. Red-Green-Blue (RGB) airborne magnetic image of Lake Lewis area. 
Interpreted structures are shown as solid white lines, Lake Lewis and creeks as dotted 
white lines, the seismic line as a dashed black line, and main peaks/inselbergs as white 
triangles. The WNW-ESE -striking linear structures of the interpreted Lake Lewis Fault 
Zone, depicted in Fig. 2.3, are co-linear to sub-parallel with the southern margin of Lake 
Lewis. The large magnetic anomaly (red) corresponding with the basement beneath the 
southern portion of the playa and to its immediate south is comparable to the magnetic 
signature for mafic amphibolite bedrock that outcrops elsewhere in the region. The circled 
black star marks the site of the SLEADS Napperby 8 drill-hole which intersects biotite 
gneiss at 11 m depth. Granite bedrock is highly fractured east of the playa, particularly 
where it outcrops as inselbergs (Figs. 2.12; Plate 2.3). The airborne magnetic image 
indicates likely basement structural influence on the location and gross morphology of 
Lake Lewis, particularly the WNW-ESE strike which is taken to be a fundamental 
lithological contact in the underlying bedrock lithologies. The white asterisk marks the 
location of the epicentre of a 1985 earthquake: Lat. 22.95°, Long. 132.46°, magnitude 4.8 
on the Richter scale (data from the AGSO Australian National Geoscience Information 
System, @ngis, Earthquake Data Locator). 
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Figure 2.6. Regional tectonic elements of the Alice Springs Orogeny (modified after Smith, 
1984) showing the main faults, folds and strain ellipses depicting N-S and slightly NNE-SSW 
maximum compressive stress directions in the Arunta Block and the Amadeus and Ngalia 
basins. E-W (to slightly ESE-WNW) extension resulted in numerous major N-S to slightly 
NNE-SSW-striking fractures. Development ofNNE-SSW -orientated drainage-lines was 
evidently associated with the latter structures. The name Ghost Gum Fault Zone is from Shaw 
(1994). Present study area outlined. 
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Figure 2.7. Densities (g cm-3) for basement rock types of the Arunta Block along the B.MR 
deep crustal seismic reflection profile (modified after Goleby et al., 1989; Braun and Shaw, 
1998); seismic line shown in Fig. 2.3. The deepest part of Lake Lewis basin, beneath the 
alluvial plain, is underlain at depth by a dense granulite facies block north of the northward-
dipping Redbank Thrust Zone. Lake Lewis is located north of the boundary between the 
dense granulite and less dense greenschist facies, where the basement is much shallower 
beneath Cainozoic sediment (see also Figs. 2.8 and 2.9). 
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belt. The 3000 m thick Brewer Conglomerate of the Pertnjara Hills, described above, 
preserves accumulations of sediments derived from the progressive stripping of the 
adjacent source areas and contains clasts of older units from the Arunta basement to the 
Cambra-Ordovician Amadeus units (Warren and Shaw, 1995). 
The regional tectonic elements of the ASO are summarised in Figure 2.6. The basement 
beneath and surrounding the present-day Lake Lewis basin was subject to maximum N-
S, to slightly NNE-SSW, compression during the ASO to produce the main east-west 
structural trends that define the regional-scale folds and thrust zones. Figure 2. 7 
summarises the deep crustal seismic section along the north-south 1985 BMR seismic 
line, as interpreted by Goleby et al. (1989). The seismic reflection data elucidate the 
boundaries between the Northern, Central and Southern provinces of the Arunta Block, 
based on contrasting densities of basement metamorphic rock types, and reveal the 
northward dip of major thrust planes. The importance of the Redbank Thrust Zone as 
the boundary between the latter two provinces - between the dense granulite block to 
the north and the less dense amphibolite block to the south - is relevant to the favoured 
model for Cainozoic basin initiation north of the MacDonnell Ranges, discussed in 
Section 2.4.2. 
The ASO strain ellipses (Fig. 2.6) illustrate the N-S principal horizontal stress (PHS) 
direction and the NW-SE and NE-SW major shear directions for north-south 
compressive deformation. Numerous structures with these trends have been interpreted 
from remotely-sensed data for the Arunta Inlier and the Amadeus and Ngalia basins and 
over ling Cainozoic sediments in the area to the immediate west of Lake Lewis basin 
(English, 1997). The main NW-SE structure in the region is the Ghost Gum Fault Zone, 
illustrated in Figure 2.6, documented by Shaw (1994). The Ghost Gum Fault Zone is a 
dextral strike-slip structure that has severely ruptured and dislocated the Ngalia Basin, 
particularly Stuart Bluff Range near Central Mount Wedge peak, where the east-west 
striking range has been altered to a north-south trend (Fig. 1.5). The role of the Ghost 
Gum Fault Zone in terms of Cainozoic sedimentation and present-day hydro logic 
processes is discussed by English (1997). The southern end of the Ghost Gum Fault 
Zone evidently intersects the Redbank Thrust Zone at Mt Heuglin, in the present study 
area. The SSW slopes of the Mt Heuglin massif are sharply truncated by a WNW-ESE-
striking fault associated with the regional-scale fault zone. The intersection represents a 
major regional transpressive zone where there has been recent minor activity (Section 
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Plate 2.1. Mereenie Valley in the West MacDonnell Ranges, a major E-W strike 
valley incised into easily eroded dolomites and shales of the Proterozoic Bitter 
Springs Fonnation of the Amadeus Basin succession. Secondary creeks of the 
trellis drainage pattern follow N-S fractures across more resilient lithologies. 
Trunk drainages along the valley floor are the eastward-flowing Davenport Creek 
(illustrated above) and the westward-flowing Arumbera Creek (Fig. 1.6) which 
follows Mereenie Valley for 30 km and feeds Derwent Creek and Lake Lewis. 
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Plate 2.2. North-south 
striking gorge, Angkale 
(Standley Chasm), in 
Chewings Range 
Quartzite (location 
shown in Fig. 1.5; the 
quartzite unit is 
labelled in Fig. 2.1 ), 
viewed northwards. 
The gorge is one of 
numerous N-S 
fractures and 
associated drainage 
lines in the region that 
are legacy of the Alice 
Springs Orogeny (Fig. 
2.6). 
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2.6). Major regional NW-SE to WNW-ESE trending structures inherited from the ASO, 
additional to the Ghost Gum and Lake Lewis fault zones, include the elongate WNW-
ESE -trending axis of Lake Amadeus, documented by Chen (1989). 
Geomorphic structuring 
The most prominent geomorphic legacy of ASO structuring in the region are the east-
west-striking ridges in the MacDonnell Ranges and Stuart Bluff Range. Valleys 
interspersed between strike ridges are typical of the prevalent east-west structural grain, 
described in detail by Mabbutt (1966 and 1967). Plate 2.1 illustrates the east-west-
striking Mereenie Valley, where the valley floor is a fault zone in the easily-eroded 
Bitter Springs Formation. Less conspicuous in the landscape, are east-west trending 
depocentres that are infilled with sediments. These form intermontane plains that give 
little indication of their depths and three-dimensional configuration. Lake Lewis basin is 
one such depocentre and its morphology in terms of ASO structures is described in 
Sections 2.4 and 2.5. 
The minimum stress direction during the ASO was essentially E-W, to slightly ESE-
WNW (Fig. 2.6). This resulted in major joints in bedrock that strike N-S, to slightly 
NNE-SSW, which became drainage lines normal to the strike valleys, such as illustrated 
by the secondary tributaries in Plate 2.1. Even in erosionally resilient bedrock 
lithologies such as the Chewings Range and Heavitree quartzites, major drainages 
orthogonally cross-cut the dominant east-west structural grain, following north-south-
striking joints. The latter situation is illustrated in Plate 2.2 of Angkale Gorge (Standley 
Chasm) in the Chewings Range (location labelled in Fig. 1.5). Another N-S-striking 
fracture is illustrated in Fig. 2.13 (red dotted line), from near the summit of Mt Zeil 
where it influences northward flow of the lower reach of Clarke Creek towards 
Dashwood Creek. Likewise, the main creeks that cross the plains of Lake Lewis basin, 
Derwent, Dashwood and Napperby creeks, parallel the N-S, to slightly NNE-SSW, 
strike of the minimum stress direction of the ASO, as represented by the strain ellipses 
in Figure 2.6. 
Airborne magnetic and seismic data indicate that the subsurface Lake Lewis Fault Zone 
represents an irregular contact between granite and more mafic bodies, along which 
differential vertical movement and subsequent differential erosion may have occurred. 
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Possible implications for the evolution of Lake Lewis, for the geomorphology of the 
playa environment and for present-day hydrologic processes in the area are considered 
in Sections 2.5 and 2.6. 
2.3. DEPTH TO BASEMENT 
Figure 2.8 is a compilation of geophysical and drill-hole data that indicate the depth to 
basement beneath Lake Lewis basin. The greatest depths exceed 200 m, at Bloodwood 
Bore near Mt Chapple, and near Paddys Bore on Dashwood Creek. These depths were 
determined by Transient Electromagnetic Method (TEM) and Vertical Electrical 
Conductivity (VEM) measurements taken for the present study by the NT Department 
of Lands, Planning and Environment and interpreted by T. Calvert (Appendix Al.I; 
Fig. A 1.1 ), the sites for which are shown as target symbols in Figure 2.8. The 
TEWVEM method was calibrated at Bullocky Bore (50 m depth to basement), on 
Derwent Creek. Other TEMNEM depths are: 190 m at Thelma Bore on Derwent Creek, 
and 120 mat Mt Chapple Bore on the Tanami Road, south ofBloodwood Bore. 
Depth to basement data from the BMR seismic line are plotted in Figure 2.9 and reveal 
an uneven subsurface basement profile beneath Lake Lewis basin. The deepest point 
below the present land surface along the seismic line is 160 m near Paddys Bore, with 
another deep pocket or trench to the north, between Twiggy and Browse bores (Fig. 
2.9). Since the seismic data reveal the depth to basement beneath Paddys Bore at 160 m 
and the TEMIVEM soundings give a depth of >200 m from a site slightly southwest of 
the bore, substantial basement palaeo-topographic irregularity is represented, suggesting 
ancient inselbergs that are now buried by thick Cainozoic sediments. The depth to 
basement beneath Lake Lewis along the seismic line, ranges from 80 m beneath the 
Causeway to 30 m beneath the northeastern arm of the playa. However, shallow 
basement at 11 m beneath the playa is also noted from drill-hole data (logged in Fig. 
3.10, with the site designated with a circled star in Fig. 2.5). The major inhomogeneities 
in the subsurface basement topography are invariably associated with fault zones that 
are revealed in the seismic and airborne magnetic data, the latter described in Section 
2.2.2. 
The data compiled in Figures 2.8 and 2.9 define an east-west oriented trough beneath 
the southern part of Lake Lewis Basin that extends to > 100 m in depth. The trough 
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abuts the northern edge of the MacDonnell Ranges and is approximately 30 km wide, 
south to north, and is inferred to continue eastward to Burt basin and westward to 
Mount Wedge basin (the latter Cainozoic basins labelled in Figs. 1.3 and 1.5). The east-
west basin is asymmetric, deeper towards the south. 
2.4. POST-PALAEOZOIC ORIGIN OF LAKE LEWIS BASIN 
2.4.1. Prelude to basin inception 
During the waning phases of the ASO, at the end of the Carboniferous, an extensive ice 
sheet covered at least the southern half of the Australian continent (Veevers, 1984). At 
this time, during the late Carboniferous and early Permian, Australia was part of the 
southern super-continent, Gondwana, and positioned close to the South Pole. It is not 
known whether central Australia occupied a periglacial position north of the ice sheet or 
was actually glaciated. Both the Chewings Range and Heavitree quartzites are today 
riddled with hatched fractures that are typical of the mechanical effects of insolation 
weathering generated by intense freeze-thaw conditions (personal observation, 
Heavitree Range, Ormiston Pound, 1995). These features may relate back to the impact 
of glacial or periglacial conditions when the regi
1
on was located at high latitudes in the 
early Permian. Or, they may relate to much later glacial periods, or times of diurnal 
temperature extremes, and reflect the regions' altitude rather than its more recent 
latitude. Sediment shed from the central uplands during the Permian was flushed into 
the Pedirka Basin (Veevers, 1984; Wopfuer, 1981), located in the present-day 
southeastern corner of the NT and contiguous portion of SA underlying the Mesozoic 
Eromanga Basin. 
Water borehole RN4755 near the Derwent Creek debouchment point, northeast ofHaast 
Bluff (location shown in Fig. 2.10) contains 28. 7 metres of alluvial sediments overlying 
a <l m black clay horizon and a pale grey-green basal clay layer 6 m thick, with granite 
at 35 m depth (Fig. 2.11 ). The black clay horizon at around 29 m depth yielded late 
Permian spores (Truswell, 1985). From the assemblage there is no evidence of green 
alga, nor of salinity, and a non-marine environment is indicated (C. Foster, AGSO, 
written comm., 1999). The setting suggests sedimentation in a fault-bounded pocket 
against Haast Bluff where there was protection from erosion (e.g., Fig. 2.14b) during 
the tectonically stable Permian period. 
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Figure 2.8. Depth to basement measurements, in metres. Data sources: water boreholes, mineral exploration drill-holes and geophysical sound ings. 
TEM/VES soundings taken for the present study (Appendix A l. I). Greater than (>) symbols indicate boreholes/drill-holes that bottom in Cninozoic 
sediment and do not reach basement. Grey shaded area represents basement known to be at I 00 m or > I 00 m depth. 
°' -.....] 
s 
Seismic 
Station No. 
m(AHD) 
Depth to 
basement 
(m) 
670 
660 
'° 
650 
~ 640 630 g, 620 0 
:::> 610 
3 600 
¥ 590 g 580 
570 
560 
550 
++ +\f"+ \• 
T''1 7676 608 50 
t .. + \ + f' .. 
+ .. + + + .. \ + + + • + + .,,.___ ........ 
' + + ·' ' • \ , + + + + t • + ·'' I I + 
+ + + + ' · + " + + + + + + + + \+ . 'iO + 
+ + .. + \. +- '. + + + + + + + \ '*f'f\+ 
'~7~~r· ~ · 
~~89 87 50 
.. + +\ +- + \t l 
• ~ • .. , ... • • ....... ' • O " 
• • • .. • \ • • • • • • • • • • • \ • cP • 160 m 
.. , ... \ .............. ~· 
+ + ) + +\ + +- + + + + + + l + ~· 
17~e44 . 579 i 100 ; j 
"' 0 a; 
7939 
564 
115 
"' 0 a; 
Lake Lewis basin 
Cainozoic basin fill 
w~ 59 00 
0 
0 
Iii 
CD 
~ 
i 
I 
. Lake Lewis 
!delta , 
~5~ 9 0 
: .' ~3271 i.  565 .
~; 3~36Q_ : 562 35 
:O' 
,:::J 
IQ 
2. 
f ;u 
,0 
:g_ i i 
~ · dunes 
·, ' : 0 
;island delt~ ' ,NoPPerbY i ~ 
i: creek : SE arm 
.. + .. + t + 
+ ' "':"' t· + •• 
• +I+ + .... ~ '- + • 
............... + + + • + • 
' +-++-•'4 + ++t+t 
+ + • • "'\ ~ .. + + + 
LAKE LEWIS·~. + t I 
+ t 
N 
670 
660 
650 '° 
640 w 
630 g, 
620 g 
610 3 
600 ~ 
590 s: 
580 g 
570 
560 
550 
• ' ' + ' t • l • ' ' ' + ' • ' \ ·:z. + j 
t • + + +\ t t \+ .. + • +\ •• ..-\. <f> · 
. .. + + + \+ + t + ... • + + • + + \+ ::c. + 
• • + + " + \ t + .. + + • t + t '~ • 
+- "+ + + + +- + ..... + '·c.· 
"i • +- t .,. · ' · + + + + •• + 
....... \. ... ···'·:::.4+\.+ 
' : : .FAULT ZONE ' 
~~~-·~·~t'--·-·~·-·~·i.'---~~~~~~~--~~~~~~~~~-'-~~~ 
•• \ .\++++++++\. ~+\+ ++- +++ ........ 
.. .. .. .. i ... t\ ............ + ... \ ·O .. "' .. . .. .. .... '. + • • • .. ... 
• • •' .. • , .. • ... • • • • • .. , Z ' --' .. :c. • · • v • ... • • • • \'O • • • 
+ •• \+ + f + • • \ rf\ \ :t:: 17- + + ' + + + • + ~ tff' + + + 
m ] I \ ';Q ~ ' ' \ + • + • + ·:;q ) ~ • • Proterozoic Arunta Complex 1 1 ~ :.z. 1 • • • • • • <;;:, 1 gJ A () \ V< :.-I 
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shown in Figs. 2.3 and 2.8. The profile is derived from deep crustal 
seismic reflection data reprocessed and interpreted for the present study 
to elucidate the depth to basement beneath basin sediment. Dips of faults 
are approximate, extrapolated from deep seismic anomalies and the 
reprocessed data. Data boxes above the profile present seismic station 
number, elevation (m AHD) and depth to basement (m). Original data 
provided by the Australian Geological Smvey Organisation (AGSO). 
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Chapter 2. Early Geology and Tectonic Evolution 
The ancestral basin and range topography of Lake Lewis basin was taking form by early 
Mesozoic times after the mountains of the ASO had been reduced and erosional valleys 
were established. Marine incursion through the Great Artesian Basin region to the east 
did not reach the central Australian uplands. In the Late Cretaceous, rifting of the proto-
Australian continent from Antarctica and subsequent rapid northward drift of Australia 
caused major subsidence in the Eromanga Basin, which became a sub-continental scale 
sump for fluvio-lacustrine sediments. Intensified incision and erosion of the central 
uplands would probably have been a consequence of subsidence of the Eromanga Basin. 
Much of the present-day intricate drainage network in the MacDonnell Ranges may be a 
legacy from the Mesozoic evolution of the Eromanga Basin and subsidence well to the 
south. Thus, the extreme northern position of most of the length of the east-west-
trending regional divide in the MacDonnell Ranges (Fig. 1.5) may be related to the 
Cretaceous subsidence of the Eromanga Basin resulting in the dominance of southward-
directed drainage over hundreds of millions of years. As noted by Mab butt (1967), 
subsidence to the south would have generated a base-level advantage for north-south 
incision of the MacDonnell Ranges against the east-west structural grain of the near-
vertical units, as drainage was drawn further south. 
The highly irregular palaeo-topography revealed in Figure 2.9 indicates prolonged 
erosion of the deformed crystalline basement prior to initiation of Lake Lewis basin. 
Scattered inselbergs protruding from the present-day plains across Lake Lewis basin 
indicate a long history of bedrock erosion and removal of waste material. It seems 
probable that the inselbergs are essentially Gondwana (Jurassic-Cretaceous) landforms 
although they continue to weather and erode today. Present-day erosion rates of bedrock 
landforms in the MacDonnell Ranges, based on 10Be data, has been estimated at 
approximately 1-8 m/Ma (Chappell, 2000); higher denudation rates are probably 
applicable to more humid periods in the past. 
Figure 2.12 shows the distribution of inselbergs east and southeast of Lake Lewis and 
the close relationship between the bedrock residuals and fault networks interpreted from 
airborne magnetic imagery. The imagery accentuates the importance of preferential 
weathering and erosion along faults, between which intervening rock masses have been 
compartmentalised and progressively exposed at the landscape surface. Plate 2.3, of 
Rembrandt Rock, located 10 km east of Lake Lewis, beside the Tanami Road, is typical 
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of the final landform, where there is active weathering and erosion (see Plate 7 .1) of the 
base of the emerging domes into encircling tors and partially-exposed corestones. 
Inselberg development in the heavily-faulted metamorphic and granite terrain between 
the MacDonnell and Stuart Bluff ranges was no doubt contemporaneous with pre-
Tertiary bevelling of summits within the MacDonnell Ranges described by Mabbutt 
(1967) and Hays (1967). 
Lakes or swamps were part of the Latest Cretaceous landscape, as indicated by basal 
lignite deposits at 78-87 m depth in basement depressions near Ayers Rock (Uluru) 
(Harris and Twidale, 1991; Macphail, 1997) The depositional sites are interpreted as 
closed depressions within a highly uneven subsurface basement topography that held 
small lakes or swamps and that were fed by runoff from the bedrock monoliths of Uluru 
and Kata Tju!a (English, 1998). The organic material is overlain by thick layers of 
alluvial sediment, with minor intercalated organic-rich layers, the latter described 
below. Latest Cretaceous lignite has additionally been identified from approximately 
100 m depth in the Bundey basin (labelled in Fig. 1.3) which overlies the Georgina 
Basin northeast of Alice Springs; the palynoflora include brackish-water Botryococcus 
algal cysts (Macphail ( 1997). Thus, sedimentation in some of the so-called 'Cainozoic 
basins' of central Australia evidently began near the end of the Cretaceous, although 
apparently only in basins at the edges of the central Australian uplands (M. Macphail, 
ANU, pers. comm., 1997). 
Intense weathering also occurred across the central Australian landscape during the Late 
Cretaceous. Weathering profiles, on metamorphosed bedrock in particular, are 
dominated by ferruginous nodules, or 'ferricrete', and, in places, include an underlying 
basal pallid zone, or 'saprolite', over fresh bedrock. Commonly, the weathered profile is 
present beneath thick Cainozoic basin sediments, and is intersected in drill-holes, but it 
also forms a well-exposed surface across large regions, particularly in situ expanses of 
ferricrete in the pediment and piedmont zones around Burt Plain. Intense ferruginisation 
of bedrock in central Australia is attributed to the Late Cretaceous and Paleocene, 
although later intense weathering episodes also occurred during the Mid-Tertiary 
(Senior et al., 1994; 1995). Weathering of the crystalline bedrock in the central 
Australian region has additionally been described by Litchfield (1969), Mabbutt (1967) 
and Idnurrn and Senior (1978). 
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Figure 2.10. Location of water bore hole 
RN4755, on Derwent Creek, with the 
stratigraphic log shown below. Also 
shown are the locations of stratigraphic 
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Figure 2.11. Stratigraphy for water bore 
RN4755 at Haast Bluff, after a 1965 NT 
Water Resources bore Jog. Palynological 
sample interval indicated with a circled Y 
symbol. 
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Figure 2.12. Red-Green-Blue (ROB) airborne magnetic image of the area east of 
Lake Lewis (top) and map localities (below). The image shows the structures of 
subsurface and outcropping bedrock, with the main features depicted as solid white 
lines in the overlay. The southeastern portions of Lake Lewis are shown in dotted 
white outline and inselbergs as white triangles. The inselbergs are surrounded by 
networks of interpreted faults or fractures. 
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Plate 2.3. Rembrandt Rock, east of Lake Lewis, an inselberg of coarse-grained Arunta 
Complex granite rising 100 m above the flat lacustrine plain. Convex exfoliation of 
concentric sheets of the dome is evident. View to the northeast. GR NAPPERBY 
264458. 
Plate 2.4. Nodular ferricrete exposed at the surface of an in situ weathering profile 
developed on mafic metamorphic bedrock in the southern part of Burt Plain, east of 
Mt Hay. Pencil for scale. GR MACDONNELL RANGES 342399. 
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Plate 2.4 illustrates typical nodular ferricrete exposed near Mt Hay. The ferricrete is 
underlain by a white-pink, leached clay-rich saprolite layer, <2 m thick, which grades 
downwards to unweathered high-grade metamorphic rock. It is probable that 
comparable weathering profiles are widespread in Lake Lewis basin beneath the thick 
blank et of Cainozoic sediment. Weathering processes, including ferruginisation, 
leaching and induration have probably been quasi-continuous in the region throughout 
the rertiary, although no doubt with variable intensity and heterogeneous manifestation 
in time and space. Specific weathering and diagenetic processes occurring in the basin 
are described and discussed in Chapter 7. 
2.4.2. Basin inception 
In their work on tectonomagnetism in central Australia, Burek et al. (1978) emphasised 
that Alice Springs Orogenic faults clearly affect post- Late Cretaceous sedimentation as 
well as the orientation of the drainage patterns. Those authors noted that the 
morphology of central Australia relates to erosional stripping, selective weathering and 
exhumation of Carboniferous structural features. They found that most geomorphic 
blocks are fault-bounded and were rejuvenated during the Cainozoic, as a result of 
north-south stresses related to sea-floor spreading in the Southern Ocean. Block 
movements in central Australia generated by the Cainozoic stress field are 
superimposed on structures developed under N-S stress in the ASO. Burek et al. (1978) 
concluded that a central Australian basin-and-range morphology was generated mainly 
by Cainozoic block-faulting, with differential weathering and erosion being of lesser 
importance. Some faulting postdating early Tertiary duricrust formation is also reported 
by Burek et al. (1978). 
The Arunta deep seismic traverse data (summarised in Fig. 2.7) was used by Beekman 
et al. (1997) to assess the mechanical stability of the overthrusted Arunta intracratonic 
crustal structure on the Redbank Thrust Zone. Beekman et al. (1997) modelled 
gravitational strains and stresses associated with intracrustal density structure and yield 
strengths of the crustal rocks during the 300 million years of tectonic quiescence since 
the Alice Springs Orogeny. They also included the possible effects of current far-field 
, tectonic stress on central Australian structures. The results show that the overall 
lithosphere of the region is mechanically strong and maintains a state of local isostatic 
non-equilibrium (Beekman et al., 1997). The moderate north-south Cainozoic PHS in 
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central Australia produced downward flexure of an initial surface depression north of 
the Redbank Thrust Zone because the zone was already close to yielding (Beekman et 
al., 1997). 
The importance of northward-dipping thrust faults is illustrated in Figure 2.9, where 
differential erosion along the fault zones involving respective fault-slices ofresistant 
and more erodible rocks is indicated. Thus, two major processes, tectonism and 
differential erosion, account for the irregular basement configuration of Lake Lewis 
basin where up to 200 m of Cainozoic sediments have accumulated. 
Headwater drainage capture? 
Crustal downwarping along the Redbank Thrust Zone and associated faults north of the 
MacDonnell Ranges would have affected drainage patterns in the northern ranges, 
regardless of whether down warping was slow and incremental or relatively rapid. 
Adjustments to base-level changes to the immediate north are most likely to involve 
pre-existing lines of weakness, particularly north-south-striking extensional fractures 
that cross-cut the structural grain and the most resilient lithologies and which are a 
legacy from the ASO and post-Palaeozoic evolution of the ranges (Section 2.2.3). The 
likelihood that former southward-flowing drainages that once fed the Finke River 
system and the Eromanga Basin/Lake Eyre Basin were forced to flow northwards in 
response to downward crustal flexure north of the ranges is explored in the present 
section. 
Figure 2.13 shows the present-day drainage system around Mount Zeil, superimposed 
on the airborne magnetic data for the area. Today, the whole of Mount Zeil drains into 
Dashwood Creek to the north, including the southern, eastern and western faces of the 
steep bedrock massif, involving an annular to radial drainage pattern. Many tributaries 
follow faults and structures that are clearly identified in the magnetic image (red 
superimposed lines). Crawford Creek, to the immediate south, across the main divide 
(dotted green line), flows southward into the Finke River system. The drainage patterns 
suggest that upper tributaries of Crawford Creek may have been beheaded by upper 
Dashwood Creek tributaries draining the southern side of Mt Zeil and that such capture 
could easily have involved faults in this vicinity. The inferred capture of former 
southward-flowing upper Crawford Creek tributaries into the Dashwood system would 
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Figure 2.13. Greyscale airborne magnetic image of upper Dashwood Creek and Mt Zeil area 
(top), and map locations (below); area location shown in Fig. l .6(a). The image overlay shows 
interpreted faults and bedrock structures in red, main creeks in blue, the main West MacDonnell 
Range divide in dotted green and peaks as yellow triangles. Elevations of the peaks are given on 
the location map; Kaditcha Bore is typical of the elevation of the fluvial plain towards the base 
of the mountains. The whole of the Mt Zeil massif drains into Dashwood Creek. Crawford 
Creek feeds Finke River which, in tum, drains the West MacDonnells southward into the 
Simpson Desert. Arumbera Creek feeds Derwent Creek and Lake Lewis to the north. A N-S-
striking fracture from Clarke Creek to Kaditcha Bore is shown as a red dotted line in the image 
overlay and the map. 
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have caused local southward migration of the main divide from the three peaks to the 
immediate north (yellow triangles) to its present position at the interpreted capture 
point. 
The illustrated capture of tributaries from the Finke River system into the Dashwood 
Creek system begs the question of whether other Finke River headwater sub-catchments 
have also been acquired to accommodate an evolving Cainozoic depocentre north of the 
ranges. Proposed changes are based largely on the observation that, across the piedmont 
plain, Derwent and Dashwood creeks are relatively minor drainages and their 
magnitudes and flow lengths belie their capacities to carve such large headwater valley 
networks through hundreds of vertical metres of resilient bedrock. Plate 4.12, of 
Derwent Creek 15 km north of the debouchment point, for example, illustrates the 
undersize dimensions of the trunk channel compared its large headwater catchment. It is 
also noted that the main divide in the MacDonnell Ranges, where it crosses Mereenie 
Valley, at 735 m AHD, between Qualpa Dam in the west (Arumbera Creek/Derwent 
Creek) and Chain of Ponds Yard in the east (Davenport Creek/Finke River), localities 
labelled in Figure 1.6 (b), is a negligible divide even though the ridges north and south 
of the valley are substantial. The area is labelled "air gap" in Fig. 2.14(b ). The 
Mereenie-Arumbera valley floor is generally flat and surface water tends to pond rather 
than flow, particularly along the reaches near where the main divide crosses the valley, 
from where there is no substantial gradient either eastward or westward. Accumulations 
of standing water, and poorly oxygenated clays have accumulated on the valley floor of 
Arumbera Creek in the past is indicated by the presence of green clay horizons in 
stratigraphic logs for boreholes located south of the Derwent Creek debouchrnent point. 
RNl 6349 records grey clay bands from 9 to 31 m depth, over schist at 40 m, and 
RNl 1170 records grey mottled calcareous silty clay from 3-9 m depth, over weathered 
granite at 12 m (bore locations labelled in Fig. 2. l 4b ). The grey clays suggest swamp or 
shallow lacustrine deposition. 
Mereenie Valley, floored with easily-eroded Bitter Springs Formation, is therefore 
regarded as the 'weak link' in the whole drainage network and this characteristic may be 
pivotal in terms of potential switches in drainage directions within the ranges. Any 
base-level changes either south or north of the MacDonnell Ranges (in the Lake Eyre 
Basin, or Lake Lewis basin, respectively) could be accommodated by either westward 
or eastward migration of the north-south orientated main divide where it crosses 
79 
Chapter 2. Early Geology and Tectonic Evolution 
Mereenie Valley. If no pre-existing major post-Palaeozoic river system had been 
established north of the MacDonnell Ranges prior to Cainozoic downwarping and 
initiation of Lake Lewis basin, deep incision within an area in excess of 1,000 km2 of 
bedrock terrain in the main ranges that is now the upper Derwent Creek catchment, 
needs to be explained. The present-day catchment configuration in the MacDonnell 
Ranges - in which the Finke River and the Derwent Creek systems each have large 
catchments in Mereenie Valley- either mimics an ancient drainage pattern that 
antecedent river systems had incised, or, the ancient Finke River, alone, is responsible 
for most of the incision, and a subsequent major drainage reversal has occurred in 
relatively recent times. 
The latter hypothetical situation is illustrated in Figures 2.14 (a) and (b). A postulated 
ancient drainage system in the MacDonnell Ranges, Figure 2.14 (a), shows the main 
divide following the northernmost range all the way west to Haast Bluff, with virtually 
all of the MacDonnell Ranges draining into a proto-Finke River that flowed west-to-east 
along the whole length of Mereenie Valley to its debouchment point at Finke Gorge. In 
this scenario, the present-day headwater catchments of Derwent and Dashwood creeks, 
including runoff from most of the Mt Zeil massif, fed an inferred ancient Finke River 
system that drained a much larger area than the present-day Finke catchment and which 
flowed, ultimately, to the Eromanga/Lake Eyre Basin, some 600 km to the southeast. 
The present-day Finke Gorge (location labelled in Figs. 2.14 a and b) is a relatively 
narrow slot that cuts through a north-south -striking fracture in vertically-dipping 
Amadeus Basin units and is not underfit with respect to the contemporary Finke River. 
However, the antecedent exit point at Finke Gorge - when much greater discharges 
would have been involved - may have been immediately above the present-day narrow 
gorge. A broad, bevelled V -shaped valley is eroded down through > 135 vertical metres 
ofrock to the top of the present 'youthful' gorge. High points on the ridge to the east and 
west are almost 2 km apart and the relief is from 845 m (AHD), at a survey point on the 
ridge crest, to the present gorge at around 700 m (AHD). This inferred prior 
debouchment valley could have accommodated much larger discharges than those 
carried by the present-day Finke River. 
Figure 2.14(b) shows the present-day headwater catchments of Derwent and Dashwood 
creeks and the upper Finke River, with the proposed ancient divide retained as a dotted 
line and the present divide shown as a dash-dot-dot line. The latter represents a 
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migration of the divide >50 km eastward and >20 km southward. The detailed drainage 
patterns and the postulated ancient divide show the magnitude of the headwater 
catchments that may have been captured by Derwent and Dashwood creeks upon 
downwarping and base-level lowering immediately north of the ranges. Additional to 
the proposed beheading of Crawford Creek, described above, with reference to Figure 
2.13, upper Redbank Creek tributaries appear to have been beheaded by both Hallem 
and Clarke creeks and thus sequestered into the Dashwood system (Fig. 2.14b). The 
timing of the proposed capture of various headwater creeks and possible beheading of 
the main Finke River channel is not constrained. The examples postulated here may 
have occurred at different post-Palaeozoic times although it is inferred that at least some 
major adjustments accompanied initiation of Lake Lewis basin sometime during the 
early Cainozoic. 
2.5. TERTIARY SEDIMENTATION 
The basement configuration beneath Lake Lewis basin, where a highly uneven palaeo-
topography existed and where crustal downwarping is interpreted, has governed the 
pattern of sedimentation in the basin. Basin filling processes described in this section 
are based on available data for Lake Lewis basin itselfand on supporting data from 
adjacent Cainozoic basins. 
Deep stratigraphic drill-holes in adjacent basins 
Figure 2.15 shows the logs for three BMR stratigraphic drill-holes in Witchetty basin 
overlying the Ngalia Basin, immediately north of Lake Lewis basin (Figs. 1.3 and 1. 5). 
The drill-hole locations are shown in Figure 2.10, labelled Nl, N2, and N4. This 
drilling, in the late 1960s, was aimed at intersecting the Palaeozoic sediments of the 
underlying Ngalia Basin. The drill-hole cuttings were originally logged by R. Read, NT 
Water Resources (unpublished 1968 bore report). BMR Napperby 1, located west of 
Napperby Creek and south ofNapperby Homestead (labelled in Fig. 1.5), was drilled to 
145 m; the strata include 100 m of poorly consolidated sand overlying 35 m of pale 
clay, with dark clay intersected at 140 m. BMR Napperby 2, located in the Gidyea 
Creek floodout, drilled through 98 m of uniform dense, green-grey clay. BMR 
Napperby 4, along Napperby Creek, south of BMR Napperby 1, terminated at 98 m 
depth after drilling through 65 m of poorly consolidated sand, a chalcedonic silica layer, 
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and approximately 24 m of dense, uniform olive-grey clay. None of these holes 
intersected Ngalia Basin bedrock (Fig. 2.15) and the drilling objective was not achieved. 
Carbonaceous clays from 140-145 m, at the base ofBMR Napperby 1(Fig.2.15) were 
examined by E. Kemp of the BMR (1976), who identified a microfloral assemblage 
comprising middle Eocene species, correlated with the upper part of the Eyre Formation 
of northeastern SA. Pollen from aquatic and marsh plants and dinoflagellate cysts 
indicate lacustrine deposition, and the presence of Nothofagus and podocarpaceous 
pollen types indicate a humid climate, although seasonal aridity is not ruled out (Kemp, 
1976; 1978). The sediments are older than the vertebrate-bearing Waite Formation of 
' 
the Alcoota area to the northeast (Kemp, 1976); described in Section 2.5.2. 
Palynologically, the Witchetty basin deposits correlate with Middle to Late Eocene 
rainforest taxa from the Hale basin 200 km east of Lake Lewis basin (labelled in Fig. 
1.3) described by Truswell and Marchant (1986), where the Ulgnamba Lignite member 
overlies olive-green mudstone and alluvial sands of the Hale Formation, which overlies 
weathered metamorphic rock. The Hale Formation, in tum, is overlain by the Waite 
Formation of dominantly green-grey clay (Section 2.5 .2). The rainforest palynomorph 
assemblage in the Ulgnamba Lignite suggest high, uniformly distributed rainfall for the 
Middle to Late Eocene in central Australia (Truswell and Marchant, 1986). 
Figure 2.16 shows the logs for two NT Geological Survey (NTGS) stratigraphic drill-
holes, Burt Plain 1 and Burt Plain 2, from the southeastern edge of Burt basin (locations 
shown in Fig. 2.10, labelled BP 1 and BP2). These drill-holes were logged by S. Wyche, 
NTGS (1983). Weathered gneiss basement was intersected at 190 m depth in BPI. The 
upper 50 m ofBPl is dominated by sands, and the interval 50-177 m typically 
comprises grey-green clay (Fig. 2.16). BP2, drilled to 156 m depth, did not intersect the 
basement. The BP2 strata are comparable to those ofBPl, although with some sandy-
silty interbeds within the thick basal grey-green claystone (Fig. 2.16). Carbonaceous 
clay and silt horizons within the thick grey-green clay were examined for palynomorphs 
by Macphail (1996). Palynoflora from 152 m and 163 min BPI, including 
Nothofagidites, indicate a Middle-Late Eocene age, based on a resemblance to the 
Ulgnamba Lignite in Hale basin, and Botryococcus and other algal cysts point to a 
brackish subaqueous environment (Macphail, 1996). Palynoflora from 130 m depth in 
BPI, including Nothofagidites, are assigned Oligocene-Miocene, and Botryococcus 
cysts suggest a brackish lacustrine depositional environment (Macphail, 1996). 
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Palynoflora from 139 m depth in BP2 is similar and was deposited in a comparable 
brackish lacustrine depositional envirorunent, and are also assigned to the Oligocene-
Miocene (Macphail, 1996). 
Eocene palynoflora have also been documented from other central Australian Cainozoic 
basins by Macphail (1996; 1997), namely the Santa Teresa and Ti-Tree basins (labelled 
in Fig. 1.3). In Ti-Tree basin, Eocene organic clays overlie weathered bedrock. 
Botryococcus and other algal cysts are common and attest to widespread lakes or 
swamps with variable salinity levels (Macphail, 1997). Near Ayers Rock (Uluru) 
organic material at approximately 70 m depth was deposited during the Mid- to Late 
Eocene, overlying sands and basal Latest Cretaceous lignite in basement depressions 
noted above (Harris and Twidale, 1991; Macphail, 1997). 
Additionally, boreholes in Mount Wedge basin along the Papunya-Yuendumu Road, 
immediately west of Lake Lewis basin, logged by Lau et al. (1997), reveal a basal 
'Mount Wedge Clay' (100-150 m thick), deposited on Arunta Complex basement, 
comprising dark-coloured, pyrite-bearing, shelly lacustrine clay, with minor lignite. The 
lignite, intersected at 24-27 m depth (RN16860) yielded no palynomorphs, only modem 
pollen contaminants (Macphail, 1997). The Mount Wedge Clay is overlain by 
approximately 100 m of heterogeneous sediments (Lau, et al., 1997), outlined below. 
Lake Lewis basin: basal grey-green clay 
Figures 2.17 (a) to (c) show cross-sections through Lake Lewis basin, largely after an 
unpublished open file company report from an Exploration Lease over Narwietooma 
Station (NT Department of Mines and Energy) by ALCOA Australia Ltd. (Howard, 
1981). Available cuttings from some of the ALCOA drill-holes were relogged for the 
present study. The sections reveal a widespread basal unit of dominantly grey-green 
clay, overlying crystalline basement, and an overlying series of reddish, sandy clay and 
sandy deposits, commonly exceeding 100 m in thickness. The basal clay contains pyrite 
(Howard, 1981 ), and is sometimes blue colour (Munsell soil colour 1 OBG5/l, personal 
observations). Thin carbonaceous bands and minor lignite from this clay unit in drill-
hole NA04 (Fig. 2. l 7b) were sampled and processed for the present study but yielded 
no palynomorphs (M. Macphail, ANU, pers. comm., 1998). This basal grey-green clay 
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is identical to and contiguous with the Mount Wedge Clay at depth in Mount Wedge 
basin (Lau et al., 1997), so the name is retained here for Lake Lewis basin. 
The drill-hole and geophysical data compiled in Figure 2.17, represent essentially two 
'sedimentary packages' making up the Lake Lewis basin infill, comprising the basal 
unoxidised Mount Wedge Clay, <100 m thick, although the depth to basement is not 
well-constrained, and the overlying more reddened and heterogeneous sands and clays, 
> 100 m thick. The Mount Wedge Clay is regarded as lacustrine or swamp/wetland 
deposit, based on comparable stratigraphic and palaeoenvironmental data from 
Witchetty, Burt and Mount Wedge basins, described above, and was probably deposited 
during the Eocene to Miocene, with reference to the palynological data from Burt basin. 
By extension, the unit is also regarded as a correlative of the Eocene Eyre Formation of 
northeast South Australia (SA) which attains thicknesses of 30-70 m beneath Lake Eyre 
and comprises fine-grained swamp deposits and ubiquitous pyrite (Krieg, 1990). 
Palaeogene depositional setting 
The geological setting for the inferred Lower Tertiary, or Palaeogene, lacustrine 
environment for the early phase of sedimentation in Lake Lewis basin is conceptualised 
in Fig. 2.18 (a). The Mount Wedge Clay, infills the lower <l 00 m of the structural 
trough immediately north of the Redbank Thrust Zone. The depocentre was fed by 
runoff from the ranges to the north and south, and, as suggested in Figure 2.8, occurred 
along a strike length that included the contiguous Burt, Lake Lewis and Mount Wedge 
basins. 
The stratigraphic data, with Mount Wedge Clay overlying crystalline bedrock, and no 
coarse fraction sediment preserved in the record, does not support the concept of an 
ancient river north of the MacDonnell Ranges. The Mount Wedge Clay indicates that 
there were widespread standing water bodies north of the ranges and no east-to-west 
gradient in the palaeo-topography. Westward overland flow could not have been 
promoted from Burt or Lake Lewis basins during the Palaeogene, although the evidence 
does not rule out a possible series of overflow lakes and swamps. Further west, either a 
series oflakes or a westward-flowing river from west of Mount Wedge basin, i.e., from 
west of Lake Bennett (labelled in Fig. 1.2), may have linked the system to Lake Mackay 
at this time, although there are no data to support such a proposition. The presence of 
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large lakes or a series of swamps infilling basement depressions north of the 
MacDonnell Ranges is clearly manifest. The data, overall, indicate that these 
intermontane Cainozoic basins were lake basins from the outset, not incised river 
valleys that later became lake depocentres. The abundance of uniform clay and the 
absence of coarser fraction sediments may imply that deeply weathered profiles that had 
formed on the surrounding high ground, perhaps during the intense Cretaceous and 
Paleocene weathering episodes, were washed into the Eocene lakes during prolonged 
periods of high rainfall and high runoff. During the Palaeogene, the present-day site of 
Lake Lewis, located north of the initial depocentre, was probably topographically-
elevated crystalline basement, as illustrated by Figure 2.18 (a). 
The palaeoenvironment associated with the correlative Eocene Eyre Formation in SA 
was warm, wet and probably monsoonal, with rainforest vegetation along watercourses 
and more open woodland between creeks and swamps (Kreig, 1990). It is likely, given 
the analogous sediments accumulated at the base of Lake Lewis basin, that the present 
study area experienced a similar climate and comparable vegetation patterns as Lake 
Eyre basin during the early Tertiary. The inferred Palaeogene age for the Mount Wedge 
Clay overlying basement provides a tentative constraint on the timing of flexural 
downwarping of the crustal block north of the Redbank Thrust Zone to sometime in the 
Palaeogene, assuming that sedimentation was contemporaneous with the downwarping. 
Lake Lewis basin: overlying oxidised sandy clay strata 
The Mount Wedge Clay in Lake Lewis basin is overlain by oxidised sandy clay, silty 
clay and clay; the latter is generally brown to white in colour and contains occasional 
beds of unconsolidated, yellow, oxidised sand, Figures 2.17 (a) to (c). These deposits 
increase in thickness towards the bedrock ranges (Howard, 1981, and borehole data), 
and are interpreted as alluvial fan deposits, channel sediments and floodplain fines, 
overlying the Mount Wedge Clay described above, and underlying the present-day 
alluvial plain. The alluvial fan sands and gravels suggest abundant sediment sources in 
the ranges. These sediments, commonly exceeding 100 m thickness in the piedmont 
zone, are regarded as largely Miocene-Pleistocene accumulations - possibly with some 
of the Oligocene represented as well - based on extrapolation from the stratigraphy and 
ages of other Cainozoic basins in inland Australia, outlined below. The alluvial fans are 
most likely contemporaneous with the down-gradient accumulation of a thick, uniform 
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red-brown lacustrine clay facies, the 'Anmatyerre Clay', (pronounced 'Anmatjeera') 
beneath the present-day Lake Lewis playa to the north. The Anmatyerre Clay unit is 
identified for the first time in the present study (name reserved by the Australian 
Stratigraphic Names Committee, 1999) and is described in Section 3 .2, and the 
associated 'Amnatyerre palaeolake' depositional setting is described in Chapter 5. The 
geological setting for the heterogeneous Upper Tertiary, or Neogene, depositional 
environments in Lake Lewis basin is conceptualised in Figure 2.18 (b ). 
In Mount Wedge basin, the Mount Wedge Clay (Lau et al., 1997), is overlain by 100 m 
of alluvial fan deposits of sand, gravel and clay (Lau et al., 1997). The latter sediments 
in Mount Wedge basin, logged from drill-holes along the Papunya-Yuendumu Road, 
include shelly lacustrine clay, the 'Currinya Clay', intercalated with distal alluvial fan 
material near Stuart Bluff Range (Lau et al., 1997). The alluvial fan sediments and the 
Currinya Clay (Lau et al., 1997) are regarded as correlative with alluvial fan sediments 
and the Anmatyerre Clay in Lake Lewis basin. These groups of analogous sediments 
accumulated contemporaneously in separate depocentres at Lake Lewis and Lake 
Ngalia, located approximately 60 km apart. 
Comparison with Lake Eyre Basin 
In Lake Eyre Basin, the Late Oligocene-Miocene is characterised by a 'giant lakes' 
environment (Kreig, 1990; J. Magee, ANU, pers. comm., 2001). The lacustrine 
Etadunna Formation of fine elastics and carbonates reaches thicknesses of 25-80 m 
beneath Lake Eyre (Kreig, 1990). Extensive, shallow brackish permanent lakes are 
represented, and the Lake Eyre depocentre was fed by meandering rivers with sandy 
channels (Kreig, 1990). Similarly, the Namba Formation of Lake Freme area (the 
Callabonna sub-basin of the Lake Eyre Basin) comprises pale-green, fine elastics and 
carbonates, the base of which were deposited in the Mid-Miocene (Callen, 1977). These 
Miocene lacustrine sediments at Lake Freme are overlain unconformably by Pleistocene 
(and? Pliocene) sediments and associated landscapes resembling those of the present 
(Callen, 1977). 
The Lake Eyre Miocene setting is regarded as an analog for the Lake Lewis depositional 
environment for much of the so-called 'Anmatyerre palaeolake' phase at Lake Lewis. 
However, the fluvial settings of lakes Eyre and Lewis differ because there was little 
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scope for development of large meandering rivers in Lake Lewis basin because of short 
flow lengths from the ranges and a possibly steeper gradient - compared to the flow 
lengths of up to several hundreds of kilometres in Lake Eyre Basin - and alluvial fans 
seem most likely for at least the Miocene period at Lake Lewis. Thus, much of the 
upper - 100 m of sediments beneath the alluvial plain in Lake Lewis basin (Figs. 2.1 7 a 
to c and 2.18 b) are regarded as alluvial fan deposits accumulated during wet periods of 
the late Tertiary. These would most likely have spread out thickly from the 
debouchment points for the large headwater catchments. In this regard, Lake Lewis 
basin resembles the Callabonna and Lake Torrens basins (Fig. 1.3) more than Lake Eyre 
Basin. The Lake Lewis basin alluvial fans of inferred Neogene age are comparable to 
the large alluvial fans adjacent to the east and west sides of the Flinders Ranges in SA 
that spread towards Lake Frome and Lake Torrens, respectively, and that overlie 
Miocene, and sometimes, Eocene sediments (e.g., Callen, 1977; Bourne and Twidale, 
1998). 
The Lake Lewis basin alluvial fans have latterly been overlain by strata comprising 
channel sands, overbank fines and deltaic sediments. Some of these deposits may be 
coeval with the well-documented Pliocene-Pleistocene sedimentary facies in Lake Eyre 
Basin that include the commonly fossil-rich Tirari, Kutjitara and the Katipiri formations 
(Callen et al., 1986; Tedford and Wells, 1990; Alley, 1998). These Lake Eyre Basin 
sediments are referred to further in Section 9.2 with respect to possible correlative 
Quaternary evolutionary phases in Lake Lewis basin. 
Neogene depositional setting 
Two main phases of Tertiary deposition are recognised in Lake Lewis basin as well as 
in many of the Cainozoic basins east of Alice Springs and in Lake Eyre Basin. 
Contrasting 'sedimentation packages' are represented for the two major phases that can 
be generalised as the 'Palaeogene phase', dominated by Eocene sediments, and the 
'Neogene phase', dominated by Miocene sediments. In some cases, a depositional hiatus 
between the two - for the most part, representing the Oligocene - is recognised in the 
basins. A Late Eocene palaeomagnetic date has been recorded for a weathering profile 
at the top of Late Eocene sediments in Hale Basin, marking the end of Mid-Tertiary 
deposition and heralding a depositional hiatus (Senior et al., 1994). It is further noted by 
Idnurm and Senior (1978) that many weathering profiles in Australia give 
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palaeomagnetic ages of about 25 Ma; this approximates the boundary between the 
Palaeogene and the Neogene (Table 2.1 ). The assembled information suggests that the 
Oligocene was largely a period of non-deposition over wide regions. In Lake Eyre 
Basin, a silcrete layer on the top of the Eyre Formation separates the Eocene sediments 
from the overlying Miocene Etadunna Formation (Kreig, 1990). In WA, there was post-
Eocene fragmentation of palaeodrainage channels into chains of lakes followed by 
fluvio-lacustrine elastic deposition, with subsequent semi-permanent lakes in the 
Miocene (Clarke, 1994). In the case of Lake Lewis basin, it is less clear whether a 
depositional hiatus is represented. A ubiquitous clay facies overlying the basal 
Palaeogene clay logged by Howard (1981), represented by pale grey shading in Figures 
2.17 (a) to ( c ), may represent such a Mid-Tertiary weathering event although the data 
are inconclusive. 'Ironstone bands' are logged at around 150 m depth in drill-hole NAOl 
(Howard, 1981 ), located between Dashwood Creek and Mt Chapple, although it cannot 
be ascertained in disaggregated drill-hole cuttings whether this represents in situ 
ferricrete or transported material. Moreover, the Burt Plain drill-cores (Fig. 2.16) do not 
record evidence of a weathering event between Middle-Late Eocene and Oligocene-
Miocene lacustrine clay. 
Switches in sedimentation sites are noted from Cainozoic basins east of Alice Springs, 
namely the Hale, Ti-Tree, Waite, Arernra and Bundey basins (Fig. 1.3), and are 
attributed to two separate phases of subsidence, before and after the Oligocene (Senior 
et al., 1994; 1995). This may imply that weathering and erosion products were being 
accumulated in the source areas in the ranges during a tectonically quiet and possibly 
climatically humid period, available for subsequent deposition in the adjacent sink areas 
after the Oligocene. The palynological data from the Burt Plain stratigraphic holes, 
described above, however, do not support the idea of a depositional hiatus in this area. 
The stratigraphy of Lake Lewis basin, illustrated in Figures 2.18 (a) and (b), suggests 
that uplift in the MacDonnell Ranges may have promoted substantial progradation of 
alluvial fans northward towards the present-day site of Lake Lewis, which, accordingly 
heralded the Neogene phase of sedimentation. 
Thus, in Lake Lewis basin, the first sedimentation package infilled the structural trough 
immediately north of the MacDonnell Ranges, following downwarping of the crustal 
block north of the Redbank Thrust Zone, and the thick accumulation of lacustrine clay 
in this initial depocentre is assigned to the Palaeogene. A subsequent depositional phase 
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ultimately resulted in a shift of the depocentre >30 km northward, to the present-day site 
of Lake Lewis. Uplift of the MacDonnell Ranges and/or down warping on the Lake 
Lewis fault zone would explain northward pro gradation of large volumes of sediments 
sourced from the Derwent and Dashwood creek headwater catchments. 
It is further suggested from reconstructions for Lake Lewis basin that uplift on faults 
along the northern margin of the Ngalia Basin (such as those illustrated in Fig. 2.7) 
and/or on those to the adjacent north in the Reynolds Range area of the Northern Arunta 
Province (Figs. 2.1 and 2. 7) may have occurred during the Neogene, with significant 
consequences for Lake Lewis. Palaeogene lacustrine deposition in the southern 
depocentre of Lake Lewis basin would have been segregated from contemporaneous 
Iacustrine sedimentation in Witchetty basin to the north (such as that represented in the 
BMR Napperby stratigraphic drill-holes; Fig. 2.15) because of the intervening high 
ground of Arunta granite-gneiss and Stuart Bluff Range. The top of the basement 
beneath the gap in Stuart Bluff Range that the present-day Napperby Creek flows 
through is at 547 m (ARD), as illustrated in Figure 2.18, based on data from Seismic 
Station 8411 located in the gap (Fig. 2.9). This suggests that sedimentation of the 
respective basins north and south of Stuart Bluff Range proceeded separately up until 
the 547 m threshold was attained. This 'brimful threshold' was not crested during the 
Palaeogene lacustrine phase(s). Sediments above this level in the gap in Stuart Bluff 
Range, beneath Napperby Creek, belong exclusively to the second sedimentation 
package that is attributed to the Neogene. Uplift on ancient ASO faults immediately 
north of the Ngalia Basin or in the Reynolds Range area almost surely tipped the 
balance to enhance southward overland flow across Witchetty basin to promote 
pro gradation of Miocene versions of Napperby and Day creeks through gaps in Stuart 
Bluff Range to feed the evolving Lake Lewis further south. The gaps themselves were 
probably already surviving as extensional fractures from the ASO (described in Section 
2.2.3) and may have been eroded as part of earlier (Gondwanan?) drainage patterns in 
the uplands, when the local ranges and inselbergs were eroding (Section 2.4. l ). In this 
manner, runoff from the Reynolds and adjacent ranges to the distant north would have 
begun to feed Lake Lewis in response to the migration of the depocentre from Witchetty 
basin to Lake Lewis south of Stuart Bluff Range once sediment in the former had 
accumulated to approximately the 547 m level. The -50 m thick fluvial and deltaic 
strata underlying the present-day Napperby Creek course and overlying crystalline 
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basement (Fig. 2.18 b) are, therefore, assigned to the Miocene-present period of 
deposition. 
2.5.2. Hamilton Downs chalcedonic mesas 
Figure 2.19 shows the distribution of numerous chalcedonic mesas near Hamilton 
Downs homestead, south of Ceilidh Hill, and south of Mt Hay, in the southeastern 
corner of Lake Lewis basin. The mesas are typically 20 m high, comprising - 7 m thick 
chalcedony caps overlying > 10 m thick brown silt bases that have eroded to form 
moderately-sloped aprons that are mantled with chalcedonic colluvium, or gibber, as 
illustrated in Plate 2.5. 
The scattered mesas occupy an intermontane position between the Chewings Range in 
the MacDonnell Ranges to the south and the Mt Hay-Ceilidh Hill massif to the north. 
The area is heavily faulted, with major faults of the Redbank and Harry Creek thrust 
zones striking roughly east-west, although commonly with long-wavelength curvilinear 
trends around the major bedrock outcrops. X-Ray Diffraction analysis of the capping 
chalcedonic duricrust material from the mesas reveals the presence of calcite, dolomite 
and poorly-crystalline secondary silica species. Moganite (Si02), a chalcedonic 
secondary silica polymorph that is commonly associated with evaporative conditions 
(Section 7.3.2.), is also represented. Preferential replacement of carbonates - rather than 
replacement of clay minerals - by authigenic Si02 is described in Section 7.3. 
The genesis of the Hamilton Downs mesas in Lake Lewis basin is here attributed to a 
former intermontane lake that had ponded between the circumambient bedrock massifs. 
The lacustrine sediments were subsequently subject to carbonate cementation and 
silicification during an arid period, and later dissected and eroded to produce the present 
residual landforms. The enclosed intermontane setting at this locality is well-illustrated 
in the digital elevation model in Figure 6.1 where it is apparent that runoff from the 
ranges could have readily ponded here to form a bedrock-encircled lake, before 
Amburla and Charley creeks (Fig. 2.19) cut through low points in Ceilidh Hill and the 
eastern end of the Mt Chapple, respectively. Dissection and erosion of the mesas was no 
doubt greatly facilitated by the network of faults and fractures mapped in Figure 2.19. 
Slight movement on some of the faults could have propagated northward flow of 
Amburla and Charley creeks through gaps in the bedrock massifs thereby accelerating 
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break-up of the silicified lacustrine sediment as these creeks responded to lower base-
levels of the alluvial plain and Lake Lewis to the north-northwest. 
Silcrete-capped landforms, similar to those at Hamilton Downs in Lake Lewis basin, 
have been mapped in valleys in the East and West MacDonnell Ranges (Shaw and 
Wells, 1983; Warren and Shaw, 1995). In the East MacDonnell Ranges the silicified 
outcrops contain gastropods and other aquatic fauna! remains (personal observation, 
1996), attesting to their antecedent lacustrine depositional environment. In the Todd and 
Emily plains, southeast of Alice Springs, silcrete-capped mesas have been mapped by 
Shaw and Wells (1983) and their geomorphology and evolution have been studied by 
Twidale and Milnes ( 1983). 
Waite Formation correlative 
The Hamilton Downs chalcedonic mesas are here equated with the Waite Formation in 
Waite and Hale basins (Fig. 1.3) which is mapped as a widespread unit on the Alcoota 
1:250,000 geology sheet (Shaw and Warren, 1975). The Waite Formation was 
originally defined by Woodbume (1967) from outcrops along Waite Creek, a tributary 
of the Sandover River (Fig. 1.2). At the type locality, the basal sediments are about 20 
m thick and comprise flat-lying, drab siltstone and conglomerate capped by 'chalcedonic 
limestone'; the basal sediment contains fossil mammal fauna of Late Miocene or Early 
Pliocene age, the 'Alcoota Fauna' (Woodburne, 1967). The vertebrate assemblage 
includes crocodile, Macropodidae, Diprotodontidae, including Palorchestes, the giant 
flightless bird, Dromornis stirtoni, raptorial and shore birds, and gastropods 
(Woodbume, 1967; Murray 1990). The proposed Miocene-Pliocene palaeoenvironment 
is one of permanent water bodies, major streams and luxuriant vegetation - as suggested 
by tree kangaroo - although with open woodland also for the browsing diprotodontids 
(Woodbume, 1967; Murray 1990). The assemblage suggests a waterhole tethered 
mortality (Woodbume, 1967; Murray 1990). Quaternary(?) faulting of the Waite 
Formation at its type locality at Alcoota has been mapped by Woodbume (1967); this is 
analogous to the envisaged scenario at Hamilton Downs, where the present study 
attributes break-up and erosion of the mesas to activity along faults and fractures. 
Alley (1998) correlates the Waite Formation with Late Miocene sediments overlying the 
Etadunna Formation in Lake Eyre Basin. The siliceous capping in the Waite Formation 
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Figure 2.19. Map of the Mt Hay area in the southeastern part of Lake Lewis basin (see Fig. 
2.1 for locality) showing the distribution of chalcedonic mesas (red), bedrock ranges (pale 
grey) and faults (thick grey lines), the latter interpreted for the present study from 1997 
airborne magnetic data (Fig. 2.2). Homesteads shown as small open squares. The asterisk 
denotes the photographed mesa, below. 
Plate 2.5. Chalcedonic mesa west of Hamilton Downs homestead, in a group of mesas 
located between Mt Hay and the MacDonnell Ranges. The mesas are up to 20 m high, 
composed of chalcedonic caps approximately 7 m thick and> l 0 m high basal slopes 
blanketed with chalcedonic colluvial lag or "gibber". GR AMBURLA 320400. 
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is equated with latest Miocene silcrete at the top of the Etadunna Formation that 
underlies the Pliocene Tirari Formation in Lake Eyre Basin (Alley, 1998). No 
palaeontological material has yet been collected from the base of the Hamilton Downs 
mesas to confirm the correlation with the Waite Formation. The silicified caps on the 
mesas are regarded as a legacy from a waning lacustral phase, and of the onset of a 
period of high evaporation rates and solute concentration (processes that are described 
in Section 7.3.2) in the closed intermontane setting. 
In the upper -20 m of sediments in the main part of Lake Lewis basin, north and 
northwest of the Hamilton Downs setting, silicified sediments have been intersected in 
several water boreholes. These are interpreted as fluvio-lacustrine equivalents of the 
Waite Formation and may have been deposited contemporaneously with the basal 
sediments of the Hamilton Downs mesas. Calcretisation and subsequent silicification of 
these sediments probably proceeded at the same time in the main part of the basin and 
in the isolated intermontane setting south of Mount Hay. The precise extent of the 
inferred Waite Formation correlative in Lake Lewis basin is not known because of the 
ubiquitous blanket of floodplain deposits. Also, intense re-precipitation of chalcedony is 
currently occurring, particularly towards the topographically lower parts of the basin 
where older silica horizons coincide with the present-day water table (active 
silicification processes around Lake Lewis are described in Section 7.3). 
2.5.3. Tertiary Palaeoclimate 
A wet Eocene climate is indicated by the lignite and carbonaceous sediments and 
rainforest flora from the basal lacustrine strata in the central Australian basins. 
Palynological data from Lake Eyre Basin for the Eocene suggest a rainfall of around 
2000 mrnJyr (Langford et al., 1995) and stable-isotope geochemistry of clays indicate a 
relatively cool climate (Bird and Chivas, 1989). During the Middle Eocene, open 
marine conditions were established south of the continent, with rifting of Australia from 
Antarctica and development of circum-Antarctic circulation. Lowered sea-surface 
temperatures lead to higher rainfall on land which influenced vegetation types. 
Nothofagus-dominated forests were widespread; suggesting rainfall in excess of 1500 
mrnJyr (Langford et al., 1995). 
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In the Oligocene-Miocene, lacustrine deposits accumulated in a warm, temperate 
climate in inland Australia. Abundant vertebrate fossils from Riversleigh, Queensland, 
close to the NT border, represent rainforest communities, including tree-dwelling 
species {Archer, et al., 1991). At this time, lacustrine and fluvial deposits accumulated 
in the central Australian basins (Section 2.5). 
As the Antarctic ice cap expanded during the Late Miocene, prolonged cool conditions 
extended across the Australian continent. In central Australia, the drying up of lakes and 
swamps and the formation of thick siliceous duricrusts on top of Miocene 
fluviolacustrine sediments (Section 2.5.2) is regarded as a legacy from aridification 
trends at this time. Aeolian material off the east coast of Australia logged by Stein and 
Robert (1986) reveal accumulation from about 14 Ma, with maxima coinciding with 
cooling events near 12, 9, 5 and 3 Ma. Kemp (1978; 1981) documents the retreat of 
evergreen forests to coastal areas and replacement by xerophytic communities inland 
during the Late Miocene. 
Some rejuvenation of drainage systems is attributed to the Early Pliocene although there 
was a general decline thereafter, with subsequent expansion of Acacia and grasslands 
inland (Langford et al., 1995), whilst vertebrate fossils at Riversleigh represent rodents 
and marsupial species typical of dry Pliocene habitats {Archer et al., 1991 ). 
Intensified drying during the Pleistocene was associated with numerous glacial-
interglacial cycles that had a periodicity of approximately 100,000 years (represented in 
Fig. 8.2). Quaternary climate fluctuations and their influence on the evolution of Lake 
Lewis basin are discussed further in Chapter 9. 
2.6. STRUCTURAL INFLUENCES ON CURRENT PROCESSES 
Burek et al. (1978) note that Cainozoic faulting in central Australia is most likely due to 
the regional coincidence of directionally identical stress patterns during the 
Carboniferous Alice Springs Orogeny and Cainozoic times. This interpretation is 
supported by numerous present-day stress measurements for Central Australia that show 
the PHS oriented approximately 010°-020° N (Hillis et al., 1998), which is parallel with 
the PHS direction of the Alice Springs Orogeny (Fig. 2.6). 
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The Lake Lewis Fault Zone and its eastern continuation as the Mount Harris Thrust 
Zone, interpreted from airborne magnetic data for the present study (Figs. 2.3 and 2.5), 
forms a regional-scale convex-south arc extending over at least 130 km, east to west. At 
Lake Lewis, the fault zone comprises a series of parallel WNW-striking faults (Fig. 
2.5), with most of these dipping northward (Figs. 2.7 and 2.9). It was noted above 
(Section 2.2.3) that the Lake Lewis Fault Zone is probably a zone of structural 
weakness and lithological heterogeneity along which differential crustal warping or 
vertical movement and subsequent differential erosion may have occurred. Recent 
seismicity in the area involved an earthquake recorded in 1985 near the southern edge of 
the playa, coincident with the Lake Lewis Fault Zone. The epicentre is designated with 
an asterisk in Figure 2.5; the Richter-scale magnitude, M, was 4.8. It is not known 
whether activity along the fault resulted in surface disruption during the event. An 
earthquake in 1968 was also recorded in the northern part of Burt Plain, southeast of Mt 
Harris, at Lat. 22.89°S, Long. 133.09°E, M 4.8 (AGSO @ngis Earthquake Data 
Locator). The epicentre coincided closely with the interpreted Mt Harris Fault Zone 
(Fig. 2.3). The earthquake data suggest that this regional-scale fault, with its western 
limb bordering the southern edge of Lake Lewis, is a focus of at least modest present-
day seismic activity. 
Other recent seismic events in central Australia include the following. The Simpson 
Desert earthquake in 1972 (M 6.2), with its epicentre near the northwestern edge of the 
Eromanga Basin, was consistent with the N-S horizontal regional stress pattern over 
central Australia (Stewart and Denham, 1974). The Marryat Creek earthquake in 1986 
(M 5.8), near the SA-NT border, generated an arcuate, 13 km long convex-northeast 
fault scarp along a boundary between two different metamorphic regimes; the 1986 fault 
scarp represents thrust and strike-slip, and a north-south directed principal stress. The 
Tennant Creek earthquakes of 1988 (M 6.3-6.7, with 20,000 aftershocks) generated an 
arcuate, convex-north fault scarp, 35 km in length, on the boundary between the 
Proterozoic Tennant Creek Inlier and the Palaeozoic Wiso Basin (Bowman, 1992). The 
assembled data indicate that the recent events across central Australia were broadly 
similar, that the N-S stress regime is recurringly expressed, and that consequent faulting 
is commonly manifested along geologic boundaries. 
The Marryat Creek and Tennant Creek faulting both involved arcuate faults with the 
inner block of the convex structure, in both cases, being uplifted. Comparable effects 
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from the present-day north-south PHS regime may have occurred at Lake Lewis, as 
suggested in Figure 2.20 and Plate 3.5 (both described further below), where the 
northern fault block truncates the southern one at the Causeway (i.e., the E-W fault-line 
cuts the WNW-ESE fault-line). Thus, the inner block of the convex-south Lake Lewis 
Fault Zone, i.e., the northern block (underlying the main part of the playa), has most 
likely been uplifted relative to the southern block. The latter situation is further 
suggested in the profile in Figure 2.9. This may support a proposal that groundwater 
flowing towards Lake Lewis from the south, from the main basin aquifers, is influenced 
by the WNW-ESE-striking Lake Lewis Fault Zone and groundwater discharge may be 
augmented along this slightly active fault zone, probably by linear seepage zones and 
springs concentrated along the southern edge of the playa. Throughflow from southern 
aquifers further north beyond the Lake Lewis Fault Zone may be impeded by an 
elevated fault block, the presence of the latter being best represented by the occurrence 
of bedrock at 11 m depth north of the Causeway and north of the Lake Lewis Fault 
Zone (circled star symbol in Fig. 2.5). The morphology of the playa (e.g., Fig. 3.1) 
supports a proposal that groundwater discharge may be focused along the Lake Lewis 
Fault Zone at the southern edge of the playa, although the geometry of the northern part 
of the playa is dominated by Napperby Delta. 
Figure 2.20 is a close-up of the airborne magnetic image of the Causeway in the eastern 
part of Lake Lewis, with the main geographic and structural features and selected 
geomorphic elements labelled in the map below the image. The location of the 
Causeway with respect to the playa, other landmarks and detailed geomorphology of the 
area is shown in detail in Figure 3.3. An oblique aerial photograph of the area is shown 
in Plate 3.5. Faults (red superimposed lines on the airborne magnetic image) associated 
with the Lake Lewis Fault Zone are relatively dense in this area, where geomorphic 
features are also complex (Fig. 2.20). The WNW-ESE-striking fault, part of the Lake 
Lewis Fault Zone, described above, intersects an arcuate E-W-striking fault at the 
Causeway. The faults are also superimposed in Plate 3.5 to illustrate the coincident 
trend of the WNW-ESE-striking fault and the orientation of the axis of the southeastern 
arm of the playa. The E-W-striking fault appears to truncate the cliffline near the 
northern edge of the playa at this locality where a series of rilled bluffs and deeply 
incised arroyos has formed, the latter best seen in Plate 3.5. The bluffs here are 7 m high 
and composed of indurated calcareous aeolian deposits over a pedestal of 
palaeolacustrine clay (stratigraphy logged in Fig. 3.13 and illustrated in Plate 3.6). 
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Figure 2.20. Greyscale airborne magnetic image of the eastern Lake Lewis area around 
the Causeway (top), and corresponding map locations (below). The image overlay shows 
interpreted faults and structures in red, Lake Lewis in blue outline, the seismic line as a 
green dashed line and Wirmbrandt Rock is a yellow triangle. The association of shallow 
granitic bedrock, faults and fractures, hydrologic processes and landforms in this area is 
complex. The southeastern arm of Lake Lewis and the Causeway are bisected by an 
interpreted WNW-ESE-striking basement fault that may be currently active, as suggested 
by the geomorphology of the area and its location in the LAKE LEWIS FAULT ZONE 
and along strike from the 1985 earthquake epicentre (shown in Figure 2.5). The 
southeastern arm of the playa is also crossed by an interpreted E-ENE-striking fault that 
intersects with the WNW fault at the Causeway. The E-ENE fault corresponds with the 
southern cliff-line of the Causeway arroyo system (Plate 3.5). 
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Figure 2.21. Greyscale airborne 
magnetic image of Derwent Creek (left), 
and map locations (right). Locality also 
shown in Fig. l .6(a). The image overlay 
shows interpreted faults and bedrock 
structures in red, creeks in blue and 
main peaks as yellow triangles. 
Faults/structures are shown on the 
location map as grey dashed lines. The 
geomorphology of the area, illustrated in 
Fig. 4.13, suggests that some of the 
NW-SE -striking basement faults 
beneath the middle reach of Derwent 
Creek have been subject to recent strike-
slip movement. Field evidence shows 
substantial disruption of the creek 
channel and banks, particularly the 
kinks in the vicinity of the red asterisk. 
The enlarged inset box shows the 
indicated directions of dislocation of 
fault slices. 
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Detritus from the actively eroding arroyos has been reworked at the base of the cliffs to 
form a playa-fringing terrace (Plate 3.5). It has been noted that arroyo-type development 
is favoured in easily-erodible, horizontally bedded sediments in arid to semi-arid 
climates punctuated by intense rainstorms, where there is structural control of 
geomorphic processes (Campbell, 1997). Thus, the geomorphology of the Causeway 
area is regarded as a complex interplay between the fundamental structure and 
morphology of the southeastern arm of the playa, the labile nature of the fringing 
aeolian sediments, cliffing processes exacerbated by groundwater discharge, sporadic 
surface waters in the lake and the possible underlying influence of the Lake Lewis Fault 
Zone in response to sporadic regional seismicity and the present north-south PHS 
regime. 
Figure 2.21 is a close-up of the airborne magnetic image of the Derwent Creek area 
from the debouchment point to the basin axis, with landmarks labelled in the adjacent 
map. The creek is underlain by a series of basement faults and structures with 
predominantly east-west or WNW-ESE-striking trends. The basement beneath this area 
is structurally complex as WNW-ESE-striking faults associated with the Ghost Gum 
Fault Zone intersect the Redbank Thrust Zone nearby, at Mt Heuglin, representing a 
major transpressive zone, as described in Section 2.2.3. The depth to basement is highly 
irregular, with granite logged at 50 m depth beneath Bullocky Bore and basement 
detected at 190 m beneath Thelma Bore (Fig. 2.8), separated by a WNW-striking 
structure that is probably part of the southern terminus of the Ghost Gum Fault Zone. 
The airborne magnetic image reveals en echelon WNW-striking basement faults 
between Bullocky and Thelma Bores that are coincident with a series of kinks or bends 
in Derwent Creek (the latter illustrated in the geomorphology map of the area in Fig. 
4.13 ). Substantial disruption of the Derwent Creek course is apparent in the remotely 
sensed data and in the field. It is postulated that development of these kinks or bends in 
the creek was governed by slight strike-slip movement on the WNW-striking basement 
faults that was propagated through Cainozoic cover, and that this activity occurred 
relatively recently. The indicated directions of movement are shown in the inset box in 
Figure 2.21 and are compatible with strike-slip movement under a north-south PHS. 
The basement structure between Bullocky and Thelma bores has not only influenced the 
Derwent Creek channel but it also presents an impediment to northward groundwater 
throughflow from the mountain valley aquifers in the upper Derwent Creek valley in the 
south to the main basin aquifers down-gradient, as described in Section 5.3 .2. 
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2.7. SUMMARY 
• Lake Lewis basin is part of an intracratonic Cainozoic basin-and-range province in 
the central Australian uplands. The basin overlies and is surrounded by Early 
Proterozoic Arunta Complex and the Late Proterozoic-Palaeozoic Amadeus and 
Ngalia basin successions. 
• Lake Lewis basin is bounded by ancient faults, many of which were reactivated 
during the Devonian-Carboniferous Alice Springs Orogeny. These major structures 
are central to the geologic and geomorphic structuring and later basin development 
in the region. 
• The post-Palaeozoic evolution of the area included erosion and downwearing of the 
ancient bedrock ranges and valleys during the past 300 Ma to leave a highly 
irregular landscape. The processes have been entirely terrestrial, with no marine 
deposition in the area during this period. The Gondwanan landscape was one of 
east-west strike ridges and valleys and scattered inselbergs of granite and 
metamorphic rocks. 
• Cainozoic basin inception is attributed to flexural downwarping along the east-west-
striking, northward-dipping Redbank Thrust Zone, immediately north of the 
MacDonnell Ranges. The subsided fault block was the former hanging wall block 
and is composed of mafic granulite which is denser than amphibolites of the fault 
block to the adjacent south; the structural configuration of this zone was 
consequently mechanically unstable from the Alice Springs Orogeny onwards. 
• The maximum downwarping north of the Redbank Thrust Zone was approximately 
200 m, which produced a trough that generated the initial, contiguous depocentre for 
Burt, Lake Lewis and Mount Wedge basins immediately north of the MacDonnell 
Ranges. The downwarping is regarded as coincident with rapid drift of Australia 
away from Antarctica in the Mid-Eocene, when the Eromanga and Murray basins 
were also subsiding. 
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• Pre-existing headwater catchments in the MacDonnell Ranges associated with the 
ancient Finke River system may have been captured by Derwent and Dashwood 
creeks in response to lowered base-levels immediately north of the ranges during 
downwarping along the Redbank Thrust Zone. The timing of postulated drainage 
reversals in the ranges is not known. 
• Up to 100 m of pyrite-bearing grey-green lacustrine clay, the Mount Wedge Clay, 
overlying bedrock, infills the structural trough within the southern half of Lake 
Lewis basin; the clay is assigned to the Palaeogene, probably the Eocene, based on 
palynological data from Burt basin and from comparable deposits in neighbouring 
central Australian Cainozoic basins. Sedimentation at this time probably proceeded 
in separate depocentres north and south of Stuart Bluff Range, with no connection 
between Witchetty and Lake Lewis basins at this time. 
• A second major phase of deposition in Lake Lewis basin is assigned to the Neogene, 
and largely to the Miocene, based on correlative sedimentary and palynological data 
from surrounding basins. Lake Lewis and Mount Wedge basins had separate 
depocentres during the Neogene and these had migrated substantially northwards 
towards Stuart Bluff Range well away from the Palaeogene trough adjacent to the 
MacDonnell Ranges. 
• Up to 100 m of alluvial fan material, palaeochannel and overbank fines accumulated 
in the south of Lake Lewis basin during the Miocene-Pleistocene, derived from 
catchments in the MacDonnell Ranges, probably enhanced by uplift of the ranges. 
These well-oxidised, heterogeneous and commonly reddened sediments sharply 
overlie the basal lacustrine clay. 
• Chalcedonic mesas near Mt Hay and variably silicified fluvial-lacustrine sediments 
in the main part of Lake Lewis basin are regarded as equivalent to the Miocene-
Pliocene Waite Formation of the Alcoota area. Widespread silicification is attributed 
to a major drying phase of the Pliocene. 
• Miocene-Pleistocene alluvial strata that have accumulated within the Lake Lewis 
basin alluvial plain may have been coeval with down-gradient deposition of 
lacustrine clay, the Anmatyerre Clay, at Lake Lewis. The Arunatyerre Clay is up to 
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80 m thick, infilling depressions in a highly uneven basement topography, and 
extending over an area of possibly 3000 km2. 
• Drainage from the northernmost divide, from the Reynolds Range and adjacent 
ranges north of the Ngalia Basin, initially infilled Witchetty basin north of Stuart 
Bluff Range. Once Witchetty Basin had become infilled to a threshold level of 
approximately 547 m (ARD) overland flow proceeded southwards through gaps in 
Stuart Bluff Range to feed Lake Lewis to the south. 
• Present-day seismic activity within the north-south directed principal stress regime 
in the central Australian region is commonly concentrated along pre-existing Alice 
Springs Orogenic structures. The presence of ancient structures influences present-
day geomorphic and hydrologic processes although the latter, in the long-term, are 
mainly governed by climatic processes. 
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PART II. QUATERNARY SEDIMENTATION AND 
GEOMORPHOLOGY 
CHAPER 3. LAKE LEWIS 
3.1. INTRODUCTION 
Lake Lewis, today, is an irregularly-shaped salt lake, or playa, covering an area of 
around 250 km2. Investigation of Lake Lewis for the present study involved detailed 
aerial photograph interpretation, field mapping, drilling, and excavation of profiles and 
pits in and around the playa. Because of the multi-disciplinary scope of the research 
project overall, and the large study area of several thousand of square kilometres, the 
sedimentary and geomorphic make-up of the basin was investigated mostly at 
reconnaissance level. The objective was to document a full range of depositional 
environments and landforms. The examined sedimentary sequences are taken to be 
representative of the Lake Lewis surficial environment overall although access to parts 
of the playa and its shorelines was restricted. This was particularly the case at the 
western end of the playa where there are no tracks through widespread dense fringing 
dunes, and when over-lake travel was frequently impossible in muddy conditions. 
In this thesis the terms playa, salt lake and groundwater discharge zone are used with 
respect to Lake Lewis, where 'playa' refers to a dry lake surface with evaporites, and 
'salt lake' refers to an actual saline surface water lake. Lake Lewis as a groundwater 
discharge zone is given emphasis in Chapter 6. The terminology is well-defined by 
Rosen (1994): 
"A playa is an intracontinental basin where the water balance of the lake 
(precipitation, surface-water flow, and groundwater flow minus evaporation and 
evapotranspiration) is negative for more than half the year, and the annual water 
balance is also negative, where the playa surface acts as a groundwater discharge 
zone and evaporites are present." 
Part II of this thesis, on Quaternary Sedimentation and Geomorphology, comprises three 
chapters: Chapter 3 and Chapter 4, which focus on specific sites that characterise Lake 
Lewis basin, and Chapter 5, which reconstructs basin-scale palaeoenvironments. The 
present chapter concentrates on Lake Lewis playa whereas Chapter 4 encompasses sites 
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elsewhere within the lacustrine plain and across the alluvial plain. The site descriptions 
are of geomorphic and sedimentary features; these descriptions are accompanied by 
interpretations of the depositional environments and hydro logic conditions accountable 
for the observed characteristics. 
The preceding chapter followed geologic convention by describing the 
palaeoenvironment and evolution of Lake Lewis basin within a chronological context, 
oldest to youngest, from the Proterozoic to the Tertiary. The present chapter and 
Chapter 4 concentrate mainly on the Upper Quaternary depositional environments of the 
basin, which comprises approximately 80% of the landscape of the study area, 
represented by the unshaded area in Fig. 2.1. The geologic events and processes 
described in Chapter 2 provide a framework within which the surficial environment at 
Lake Lewis can be understood. The geomorphic and sedimentary settings of the surface 
and near-surface environment are described as they appear in the landscape, and 
reconstruction of these isolated sites into a basin-scale framework is dealt with later. 
Interpretations of contemporary sedimentary and geomorphic features and relatively 
recent palaeoenvironmental settings are complemented by study of the surface 
hydrologic patterns and groundwater dynamics, and diagenetic processes, which are 
documented in chapters 6 and 7, respectively. The chronological contexts of the Upper 
Quaternary sites described in the present chapter and in Chapter 4 are assembled in 
Chapter 8 and discussed further in Chapter 9. 
The geomorphology of Lake Lewis is illustrated in Figure 3.1, based on 1 :50,000-scale 
colour aerial photographs. The main features include: the bare playa surface, lake-shore 
terraces, islands of aeolian deposits and playa-fringing dunes, an aureole of small playas 
and salt pans around the main playa, ephemeral drainage lines and erosional landforms 
that are legacies of intermittent surface water inflow and inundation, regional linear 
dunes, karstic calcrete ground, Napperby Delta, and slopewash sediments fanning 
southward from Stuart Bluff Range. Figure 3.2 outlines the areas covered by detailed 
geomorphic maps and labels key study sites in and around the playa, including those 
described in the present chapter plus some that are described in Chapter 4. This chapter 
concentrates on the eastern, northern and southwestern parts of Lake Lewis (Sections 
3.2 and 3.3) and on specific playa landforms, including playa islands, terraces and 
playa-fringing dunes (Section 3.4), modern playa sediments (Section 3.5) and playa 
surface types (Section 3.6). The work of Chen et al. (1995) on Lake Lewis playa islands 
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and the lakeshore is reviewed as part of Section 3.4. Depositional environments and 
landform evolution are summarised in Section 3.7. 
3.2. EASTERN LAKE LEWIS 
Much of the fieldwork for the present study concentrated on the eastern part of Lake 
Lewis because of good access via the BMR Seismic Line from Tilmouth Well on the 
Tanami Road (Fig. 3.2). The 1984 SLEADS reconnaissance drilling sites were also 
located in the eastern part of the playa, west of Wirmbrandt Rock. Figure 3.3 details the 
geomorphology of the eastern Lake Lewis area, with the main investigated sites 
labelled. The East Lewis drilling site and neighbouring playa islands, Dingo and Cliff 
islands, and the Causeway area to the south received considerable attention in the field 
and in terms of laboratory analysis of sediment samples from the sites. 
3.2.1. Geomorphology 
The geomorphology of Lake Lewis is dominated by the highly irregular morphology of 
the playa in plan view, which reflects groundwater control of geomorphic processes 
(Figs. 3.1 and 3.3). The playa surface, at 550-552 m (AHD), is almost perfectly flat and 
is located within the capillary fringe of the groundwater table, or brine table, which is 
typically at around one metre depth. The irregular playa surface is an area of 
groundwater outcrop, as described in Section 6.6.2. The horizontal disposition of the 
bare playa surface parallels the underlying shallow water table. Capillary rise of brine 
from the water table not only promotes evaporite precipitation at and near the playa 
surface (described further in Section 3.6), but also maintains interstitial moisture in the 
near-surface sediments which retards the removal of sediments by wind action and 
delimits the level of deflation of sediments from the playa surface. Capillarity, 
involving the upward movement of water through the surface sediments in response to 
high solar radiation and high evaporation rates, is a relatively passive process. More 
directed exfiltration of groundwater at seepage and spring zones appears to be 
concentrated at the southern edge of the playa, along the Lake Lewis Fault Zone 
(Section 2.2.2; Fig. 2.5). Here, groundwater discharge is driven by a hydraulic head of 
up to 40 m from up-basin recharge zones, where the potentiometric surface is at around 
590 m AHD (Section 6.3; Fig. 6.4). 
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Playa islands are densely concentrated down-gradient from and down-wind from the 
Napperby Delta apron, across the northern part of the playa, indicating that flu vial and 
deltaic sediments from Napperby Creek have provided abundant sediment for island 
formation. Playa-fringing dunes closely parallel the margins of the main playa (Fig. 
3.3). The playa islands, terraces and lake-shore dunes are described in Section 3.4. 
Away from the playa, these dunes merge with or are intermingled with linear dunes, 
e.g., across the eastern 'peninsula' between the Causeway and Napperby Delta, 
illustrated in Figure 3.3. Erosional strandlines parallel the irregular playa outline and, 
like the terraces and tom bolos, are legacies of episodic ephemeral floodwater 
·inundations, of a metre to a few metres, depth in the lake (discussed further in Section 
3.3). Minor drainage lines flow from inselbergs east of the playa, namely Wirmbrandt 
Rock (two domes), The Amphitheatre (Fig. 3.3), and Rembrandt Rock, south of The 
Amphitheatre. The domed granite residuals rise 50-100 m above the flat surrounding 
lacustrine plain. The array of minor drainage lines flowing across the flat lacustrine 
plain between the inselbergs and the playa are interspersed with numerous claypans. 
Napperby Delta is described in Section 4.2 and the aureole of karstic calcrete (CaC03) 
surrounding Lake Lewis (Fig. 3.3), is described in Section 4.4. 
3.2.2. East Lewis drill-core and island pedestals 
East Lewis drill-core 
Twelve metres of continuous core were recovered from a 1996 ANU drill-hole in the 
eastern part of Lake Lewis; the location, 4.5 km west of the Seismic Line and near 
Dingo Island, is labelled in Figures 3.2 and 3.3, and the stratigraphy is logged in Figure 
3.4. The 12 m core length was sampled for palaeomagnetic analysis, described in 
Section 8.2. 
The uppermost 0.85 m comprises heterogeneous sediments including pale brown sandy 
clay, reddened quartz sand, and reddish brown sand interspersed with dark clay layers a 
few centimetres thick, plus displacive gypsum (calcium sulphate, CaS04·2H20) in the 
sand layers. From 0.85 m to the bottom of the core at 12 m, fairly uniform fine-grained 
reddish brown clay is logged, with only minor colour changes and sparse displacive 
gypsum, and no erosional breaks (Fig. 3.4). This thick clay facies, named the 
Anmatyerre Clay in the present thesis (pronounced 'Anmatjeera') , was introduced in 
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Section 2.5 with respect to Neogene-Pleistocene basin infill. The homogeneity of the 
Anmatyerre Clay is illustrated in Plate 3.1. 
Depositional environments: modem playa sediments and Anmatyerre Clay 
The uppermost 0.85 m of heterogeneous sands and clays are interpreted as modem 
playa sediments that have been brought into the eastern arm of Lake Lewis, most likely 
via Napperby Delta, in the current hydrologic regime of sparse high rainfall, high runoff 
events, described in Sections 1.4.3 and 1.4.4. Modern playa sediments are described 
further in Section 3.5. The underlying> 11 m of continuous Anmatyerre Clay in the East 
Lewis core is interpreted as lacustrine clay that was deposited from suspended load in 
perennial standing water. Accumulation of this thick column of clay proceeded without 
apparent interruption. The red brown colour is homogeneous (Plates 3.1 and 8.2). The 
absence of mottling and the uniform colour suggests deposition under well-oxygenated 
conditions although post-depositional oxidation is no doubt also represented. Scattered 
quartz sand grains were probably windblown into the lakewaters. There is no indication 
of interaction of the Anmatyerre Clay with highly saline waters during its deposition 
and a moderately deep, freshwater lake is inferred. 
X-Ray Diffraction analysis of the Anmatyerre Clay from the East Lewis drill-core gives 
the following assemblage: quartz, kaolinite, illite/mica, feldspar, poorly diffracting 
material (PDM) and analcime (Table 7.3). The analcime is post-depositional and is 
described in detail in Section 7. 4. 
Island pedestals 
Cliff and Dingo islands in the eastern arm of Lake Lewis (labelled in Fig. 3.3, and in 
Plate 1.1) are composed of pedestals of lacustrine clay overlain by several metres of 
aeolian sediment. The latter are described in Section 3.4. The pedestals of lacustrine 
clay are composed of approximately one metre of exposed Anmatyerre Clay underlying 
one metre of more heterogeneous lacustrine sediment, described below. The clay beds 
are largely obscured beneath talus that has accumulated from cliffs of the overlying 
aeolian sediment. The uniform red-brown Anmatyerre Clay at the base of Cliff Island is 
identical to and contiguous with that logged in the East Lewis core, described above. 
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X-Ray Diffraction analysis of the Anrnatyerre Clay from the base of Cliff Island gives 
the same assemblage as that in the East Lewis core, quartz, kaolinite, illite/mica and 
feldspar, although with the addition of smectite and the absence of analcime and PDM 
(Table 7.3), differences which are discussed in Section 7.4.4. The Anrnatyerre Clay 
intersected in the East Lewis drill-hole and exposed in the nearby playa island pedestal 
represents the 'type locality' for the facies. 
Overlying the Arunatyerre Clay base in the island pedestals is an olive-grey gypseous 
sandy clay, approximately 1 m thick, which is overlain, in turn, by aeolian deposits (the 
latter described in Section 3.4). The olive-grey gypseous clay is named the 'Tilmouth 
beds' in this thesis (name reserved by the Australian Stratigraphic Names Committee, 
AGSO; lower case designation of 'beds' advised by the Committee, 1999). The 
Tilrnouth beds exposed in the bases of Cliff and Dingo islands are composed of quartz, 
kaolinite, illite/mica, feldspar and smectite (Table 7 .3), plus abundant displacive 
gypsum and calcitic microfossils. In places, gypsum forms sub-laminae couplets with 
the olive-grey clay. Microfossils include ostracodes, charophyte oogonia and calcified 
stems, and sparse foraminifera (further work on the microfossils is proposed in Section 
9.3). These sediments are regarded as the 'Latest Tilmouth beds' to distinguish them 
from 'Early Tilmouth beds' that are exposed shoreward, which have been deflated from 
the playa surface (discussed further below and in Chapters 4 and 5). The contact 
between the Anmatyerre Clay and the overlying Latest Tilmouth beds in the Cliff Island 
pedestal is sharply horizontal, as illustrated in Plate 3.2. Gypsum crystals from the 
Latest Tilmouth beds from the Cliff and Dingo island pedestals are illustrated in Plate 
3.3, where bladed to discoidal forms dominate (a), although rare cruciform twins are 
also noted (b ). 
Depositional environments: Latest Ti/mouth beds in the island pedestals 
The Tilmouth beds are sandier than the underlying Arunatyerre Clay which may imply a 
shallower lake and coarsening of elastic sediments, possibly through reworking of 
fluvial or lakeshore sediments. The contrast with the Arunatyerre Clay is pronounced as 
the former indicates constant suspended clay settling through a water column. 
Nonetheless, the sub-laminated texture of the Latest Tilmouth beds clays indicates 
deposition in standing water, probably shallow. Abundant displacive gypsum in the 
Latest Tilmouth beds indicates interaction with highly saline groundwaters and 
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Plate 3.3. Thin-section photographs of displacive gypsum in the Latest Tilmouth beds 
from the base of playa islands; crossed polars. (a) Cliff Island pedestal: discoidal to 
bladed gypsum crystals, long axes orientated sub-horizontally to randomly in the clay 
matrix. Gypsum growth has been displacive and the lack of inclusions of clayey host 
sediment suggests slow precipitation and constant hydrologic conditions. (b) 
Cruciform interpenetrative twinned gypsum crystals, Dingo Island pedestal, in a 
sample rich in microfaunal remains (not illustrated), where gypsum nucleation and 
crystal development may have been affected by organic compounds. 
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concentration of solutes at the lakebed-lakewater interface. The olive-green colour of 
the Tilmouth beds clay indicates chemically reduced iron-bearing phases and reflects 
reducing conditions in lake bottom muds. Vertical mixing during deposition may have 
limited the intensity of oxidation, possibly involving sulphate reduction processes. The 
conditions for reduction of ferric (Fe3+) iron to ferrous iron (Fe2+), with concomitant 
colour change typically from red to green, may involve the presence of organic matter, 
saturation of the sediments with water to slow down diffusion of 0 2, and the presence of 
reductant micro-organisms (van Breemen, 1988), processes that are described further in 
Section 7.6. 
The elastic and chemical sediments making up the Tilmouth beds suggest a terminal 
lake with no outlet. The laminated clays with gypsum sublaminae indicate interaction 
with saline groundwaters interspersed with periods of lake freshening by muddy surface 
waters. The Tilmouth beds generally suggest variations in water depth and salinities 
during deposition, particularly the Latest Tilmouth beds. The likelihood that the 
Tilmouth beds represent hydrologic closure of Lake Lewis basin and limited flushing, 
with associated build-up of solutes to gypsum saturation levels, is pursued further in 
Sections 5.3 and 6.7. 
The island pedestals attest to substantial excavation of the lacustrine sediments by 
deflation. The tops of the clay pedestals in the islands are at approximately two metres 
above the adjacent playa surface, indicating that at least 2 m oflacustrine sediments 
have been lost and that the Tilmouth beds have been entirely removed from the playa 
surface. The Latest Tilmouth beds have only been preserved in the playa island 
pedestals. The underlying Anmatyerre Clay, likewise, has been excavated and at least I 
m has been removed from within the playa prior to deposition of the modem playa 
sediments. The contrasting character of the respective lacustrine units, as illustrated in 
Plate 3.2, suggests a substantial depositional hiatus between contrasting hydrologic and 
climatic conditions of the Anmatyerre and Tilmouth lacustrine phases. 
3.2.3. SLEADS Napperby cores 
Nine sites were drilled at Lake Lewis in 1984 during the SLEADS Program, with full to 
incomplete recovery of 6 cores and unsuccessful recovery from the remaining sites. The 
sites are shown in Figure 3.5, prefixed NAP for Napperby (the colloquial name used for 
129 
Chapter 3. Lake Lewis 
Lake Lewis at that time). The cores were logged in the field by J. Magee and P. De 
Deckker, although no further analysis was carried out on the samples, and no reporting 
of the reconnaissance work at Lake Lewis. The cores were re-logged for the present 
study and the stratigraphy is presented in Figures 3 .6 to 3 .11, with a composite section 
constructed in Figure 3.12. 
Drill-holes NAPl to NAP3 were located shoreward from the East Lewis drill-hole of 
the present study. NAPl, drilled to 14.9 m depth, intersected at least 2 m ofreddened 
aeolian sand and 2 m of brown sandy clay and clayey sand, underlain by> 11 m of 
reddish brown Anmatyerre Clay (Fig 3.6). The clay contains shell fragments and 
oogonia (the ovoid-shaped calcified female reproductive organ of charophytes), that 
attest to a lacustrine depositional environment. NAP2, drilled through the shore-fringing 
dune, intersected 1 m ofred aeolian sand and 1 m of massive calcrete, with no further 
penetration through the calcrete (Fig. 3.6). NAP3 intersected yellowish-brown clayey 
sand from 1.4 to 2. 7 m, which may be the Tilmouth beds or aeolian sand, and an 
underlying 7 m of reddish brown Arunatyerre Clay containing shell fragments and 
oogonia (Fig. 3.7). NAP4, drilled 3 km west ofWirrnbrandt Rock, intersected reddened 
aeolian sand between 2.4 and 4 m, and underlying heterogeneous mottled clayey sand, 
with the presence of granite basement indicated at the end of the hole at 9.6 m depth 
(Fig. 3.8). The location and stratigraphy of NAP4 suggest interbedded lacustrine 
sediment and sheetwash deposits derived from the inselberg. 
NAPS, drilled 3.5 km west of the East Lewis site, at the end of the westward-protruding 
peninsula of aeolian sand (Fig. 3.5), intersected Anmatyerre Clay from 1 to 14.9 m 
depth (Fig. 3.9). Core recovery was poor from the nearby NAP6 drill-hole, with only 
Anmatyerre Clay represented at 3.5 m depth. NAP7, drilled on the playa shore, mid-
way between Wirmbrandt Rock and the East Lewis site, intersected olive to yellowish 
brown sandy clay at between 3.9 and 5.7 m depth, with the contact with the underlying 
reddish brown Anmatyerre Clay intersected at 6 m depth, although with no recovery 
beneath this (Fig. 3.9). NAPS, from the eastern edge of Lake Lewis, between the 
Napperby Delta apron and the East Lewis site, intersected Anmatyerre Clay from 1.5 to 
11 m, with biotite gneiss basement at the base of the hole at around 11 m (Fig. 3.10). 
NAP9, from near Wirmbrandt Rock, drilled through 4.5 m ofreddened aeolian sand and 
an underlying interval of dull yellow clayey sand to 8 m, with Arunatyerre Clay 
intersected between 8 and 13 m (Fig. 3.11). 
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stratigraphy. Field logged by J. Magee, 
1984; re-logged for the present study. 
Stratigraphic/facies sequences for the 
drill-holes are summarised in Fig. 3 .12. 
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Figure 3.7. Napperby 3 drill core 
stratigraphy. Field logged by J. 
Magee, 1984; re-logged for the 
present study. 
m 
0 
0-2.4m 
no core 
NAPPERBY 4 
. 
. 
. sand 
sandy cloy/ 
clayey sand 
cloy 
mottles 
z 
~o 
-'Z 0 <( 2 
wen 
~ 
D 
D 
~ <( 
3 .· '.·.'·.<·/."· 
.· ... . ·. · ... . . 
: ~. ::.\.:;:::.:: ~· .. . 
6 
9 
2.40 
3 .85 
~~g 
4.40 
5.00 
5.40 
5.80 
6.35 
6.55 
6.75 
6.90 
6.95 
7.40 
8.10 
8.60 
8.80 
reddish b rown (2.5YR4/8) hard, dry sand (aeolian) 
reddish brown (5YR4/8) clay layer 
reddish brown (2.5YR4/8) sand 
gap 
gradational contact with mottled clayey sand: reddish 
brown (5YR34/8) to yelJOWISh brown [2.5Y5/4) grading to 
sandy clay 
mottled bright brown (2.5YR5/8) to yellowish brown 
[2.5Y5/4) sandy cloy 
mottled reddish brown (2.5YR4/8) to dull yellow (2.5Y6/4) 
sandy cloy; minor Mn-oxide staining 
mottled reddish brown [2 .5YR4/8J to dull yellow (2.5Y6/4] 
clay; very minor Mn-oxide staining 
dork reddish brown [2.5YR4/8) clay 
mottled bright reddish brown (5YR5/6) to yellowish brown 
[2.5Y5/4) c loy; very minor Mn-oxide staining 
reddish blown (5YR4/8) clay, slight mottling 
bright blown [7.5YRS/6) to dull yellow [2.SY6/4) mottled 
clay 
dull brown [7.5YR5/4J clay 
bright reddish brown (5YR5/8) to dull yellow (2.5Y6/4) 
mottled cloy [pseudo-laminations?) 
dork red [1 OYR3/6) to yellowish brown (2.SY5/6] c layey 
sand; large mottles 
dork red (1 OYR3/6) to yellowistl brown [2.5Y5/6J clayey 
sand with horizontal layering 
reddish brown (2.5YR4/8) structureless clayey sand 
dork red (1 OR3/6) structureless clayey sand 
granite fragments 
9.60 
9.60 m TOTAL DEPTH 
134 
Figure 3.8_ Napperby 4 drill core 
stratigraphy. Field logged by J. 
Magee, 1984; re-logged for the 
present study. 
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Figure 3. 10. Napperby 8 drill core 
stratigraphy. Field logged by P. De 
Deckker, 1984; re-logged for the 
present study. 
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Figure 3 .12. Schematic fence diagram showing the generalised stratigraphy of the ten eastern Lake Lewis drill-holes. The 
geomorphology of the area, in plan view, is detailed in Fig. 3.5. 
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The stratigraphies of the nine SLEADS drill-cores and the East Lewis drill core are 
compiled schematically in Figure 3.12. Shallow crystalline basement occurs towards 
Wirmbrandt Rock whereas, westward, the cores bottom in Arunatyerre Clay that 
extends to depths beyond 15 m depth. Yellowish brown sandy clay intersected in NAP3, 
NAP4, NAP7 and NAP9, overlying the Anmatyerre Clay, is assigned 'Early Tilmouth 
beds'. This sediment contrasts with the gypseous olive-grey 'Latest Tilmouth beds' in the 
playa island pedestals and is taken to represent shoreward lacustrine sediment that 
predates the latter, with a depositional hiatus between the Early and Late Tilmouth beds. 
The envisaged scenario is that a few metres of the Tilmouth beds were deposited widely 
(see also Sections 3.2.4 and 4.3.2) in an palaeolake (reconstructed in Section 5.3) whose 
depocentre was deflated down to, or into, the Anmatyerre Clay. Deposition of a later 
phase of the Tilmouth beds in a greatly contracted lake setting - represented, today, by 
the relict Latest Tilmouth beds in the playa island pedestals - occurred directly onto the 
exposed Anmatyerre Clay surface in the depocentre (see also Fig. 5.14). The Early 
Tilmouth beds intersected in the SLEADS drill-holes do not have laminated gypsum, 
only sparse displacive gypsum in some cores. Gypsum laminae are restricted to the 
interpreted younger, and possibly terminal, Latest Tilmouth beds at the depocentre and 
evidently relates to a later evolutionary phase when higher levels of salinity had 
developed in the basin. Early Tilmouth beds are preserved shoreward where they are 
overlain by aeolian deposits, as illustrated in Figure 3.12 and described from other sites, 
below. 
3.2.4. Causeway Bluff 
The Seismic Line crosses Lake Lewis at the Causeway, 20 km south ofTilmouth Well 
(Figs. 3.2 and 3.3). The Causeway area is illustrated in Plates 3.4 and 3.5. The 
southeastern arm of the playa narrows to approximately 50 m at this point, bordered by 
low-angle terraces. North of the Causeway, a broad expanse of dunes overlies lacustrine 
clay which infills uneven basement topography in granite (Fig. 2.9). South of the 
Causeway, playa-fringing dunes overlie calcrete ground (Fig. 3.3), described in Section 
4.4. Calcareous bluffs along the northern shore of the Causeway area are described 
below. Groundwater seepage along the axis of the southeastern arm appears to coincide 
with a WNW-ESE -striking fault that is interpreted from airborne magnetic imagery 
(Fig. 2.20; Section 2.6). Also, after rainfall, surface water ponds in the middle of the 
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playa arm against the Causeway embankment, at the interpreted fault line, to create 
artificial evaporating ponds in which rafts of hopper halite crystallise. Modem circular 
dunes of fine-grained, pale orange quartz sand overlie older landforms on either side of 
the Causeway, pointing to complex windflow in the area. This dune sand is pure quartz 
and well-winnowed, and may be derived from former lacustrine beaches in the vicinity. 
Different vegetation types are associated with the respective geomorphic settings. The 
sand dunes support Melaleuca glomerata and spinifix, the calcareous bluffs support 
Acacia aneura and Sclerolaena, or Bassia (prickle bush); and the lake-shore terraces 
support halophytic samphire. Abundant scattered artifacts (Plate 1.5) indicate that this 
area was an important site for Aboriginal occupation. 
The northern shore of the Causeway area is fringed with 7 m high bluffs composed of 3 
m high pedestals of interpreted 'Early Tilmouth beds' lacustrine sediment, discussed 
further below, overlain by 4 m of calcareous aeolian sands. The olive-green basal 
lacustrine sediment, composed of quartz, kaolinite, microcline and smectite, are within 
the capillary fringe of the water table and, where exposed, are coated with efflorescent 
halite. The saline clay of the pedestals is susceptible to rilling by episodic runoff down 
the bluffs, as illustrated in Plate 3 .6. The stratigraphy of Causeway Bluff is detailed in 
Figure 3 .13. A profile excavated in the bluff for palaeomagnetic analysis is illustrated in 
Plate 8.1. The calcareous aeolian sand is highly altered, calcretised and ferruginised. A 
0.5 m thick, hard carapace oflaminated calcrete caps the bluffs, underlain by a 1.5 m 
layer of large calcium carbonate nodules in a friable sand matrix, which is underlain by 
a <0.5 m thick layer of £1.aggy calcrete. The various calcrete horizons are underlain by a 
<0.5 m thick recessive layer of fine sand, which overlies >1.5 m of heavily mottled fine 
sands and clays on, or forming part of, the Early Tilmouth beds pedestal. The Causeway 
Bluff cliffline is deeply eroded into a series of arroyos (Plate 3.5). 
Depositional environments, overprinting and erosional processes 
The olive-green colour of the lacustrine sandy clay making up the pedestal at Causeway 
Bluff that are assigned 'Early Tilmouth beds', contrasts with the yellowish brown colour 
of the Early Tilmouth beds logged in the SLEADS drill-cores (Section 3.2.2). However, 
the settings are comparable in that the Early Tilmouth beds lacustrine sediment is 
located shoreward from the 'Tilmouth depocentre' (represented by the locations of Cliff 
and Dingo islands) and is preserved beneath thick aeolian units. 
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Plate 3.4. View south along the N-S 1985 BMR seismic line where it crosses the 
south-eastern arm of Lake Lewis at the Causeway. The foreground comprises 
aeolian sand over lacustrine sediments. Mt Zeil is in the distance, 50 km south. 
Vantage-point indicated with a curved-square symbol in Fig. 3.3. 
Plate 3.5. Oblique aerial photograph of the Causeway area, eastern Lake Lewis, 
viewed westward, showing a series of arroyos along the northern lake shore. Main 
sample sites are shown as red asterisks: OSL 95012: lake shore terrace, OSL 
96120: Early Tilmouth beds (Plate 3.6). The fault-lines (black dash-dot-dot lines) 
are interpreted from airborne magnetic data (Fig. 2.20). GR NAPPERBY 248458. 
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Plate 3.6. Causeway Bluff, adjacent to the playa, at a gully that has been excavated 
to construct the causeway embankment; location shown in Fig. 3.3. Olive-green 
lacustrine sediments, Early Tilmouth beds, form the lower 2-3 m of the cliffs and 
are overlain by up to 4 m of indurated calcareous sediment (Fig. 3.13). Erosional 
rills in the Early Tilmouth beds reflect the saline clay composition of the sediment 
which is rich in effiorescent salts as well as displacive gypsum. OSL sample site 
96120 shown. GR NAPPERBY 248458. 
Plate 3.7. Tanami Road quarry (road maintenance quarry) east of Lake Lewis, 
north of The Amphitheatre, exposing pale lacustrine sediment ('Early Tilmouth 
beds'?) densely infused with post-depositional calcium carbonate; location shown 
in Fig. 3 .3. The stratigraphy of the site is illustrated in Fig. 3 .14. The water table is 
8 m below the ground surface. The groundwater colour reflects high 
concentrations of uranium at the water table redox interface where camotite is 
being precipitated. GR NAPPERBY 259605. 
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Figure 3 .13. Causeway Bluff stratigraphy. The profile comprises calcrete and calcareous 
sediments overlying Early lacustrine Tilmouth beds (Plate 3.6). Coarse calcareous talus at the 
base of the bluff not shown. 
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145 
Chapter 3. Lake Lewis 
The Causeway Bluff aeolian sand comprises immature, often angular quartz, k-feldspar, 
plagioclase, amphibole and iron oxide mineral grains that may have been locally 
derived from relatively fresh alluvium and colluvium from around the bases of the 
granite inselbergs to the east. Windbome calcium carbonate dust sourced from upwind 
exposed calcrete ground within the lacustrine plain evidently accumulated at the site 
along with aeolian sands during dry conditions. Re-precipitation of calcium carbonate 
and cementation of the sand grains in a CaC03 matrix is a post-depositional effect. The 
Causeway Bluff deposits are cemented with secondary hrematite as well as with calcium 
carbonate. These pedogenic overprints occur well above the water table, and are most 
likely the result of percolation of meteoric waters through the aeolian deposits. 
Ferrolysis of ferrous iron in aeolian amphibole grains and leaching of the iron oxide to 
form coatings on neighbouring grains is illustrated in Plate 7 .11, and described in 
Section 7.5. The concentric precipitation pattern of secondary micritic CaC03 around 
sand grains and the immaturity of the original aeolian grains are also illustrated in Plate 
7.11. 
3.2.5. Tanami Road quarry 
A 9 m deep road maintenance quarry was excavated in 1996 beside Tanami Road, north 
of The Amphitheatre, which provided a fresh exposure of near-surface sediments 
beneath the lacustrine plain. The site is labelled in Figure 3 .3 and is located within the 
Day Creek palaeochannel where the lower reach of the creek has long been defeated by 
occluding calcrete bodies across the flat lacustrine plain. Road maintenance work 
involved quarrying nodular calcrete for use as a surface material for the Tanami Road 
and pumping shallow groundwaters for application to the road surface to re-cement the 
carbonate. The quarry is illustrated in Plate 3.7 and the stratigraphy is detailed in Figure 
3.14. 
The area is mantled with a deeply reddened aeolian sand sheet, 0.5 m thick, although no 
dunes are present. A profile comprising approximately 7.5 m of fluvio-lacustrine strata 
is exposed in the quarry wall, above the water table at 8 m depth (Plate 3.7). The 
uppermost 4.5 mare heavily overprinted with powdery calcium carbonate and 
sedimentary features have been completely obliterated. Both pedogenic (vadose) and 
phreatic calcrete (or 'groundwater calcrete') are represented. An upper 2 m thick nodular 
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pedogenic calcrete layer has been infused with hrematitic iron that has leached from the 
overlying red sand blanket in the form of irregular 'pendant-like' stains. Beneath this is a 
1.5 m thick layer of structureless, friable CaC03 which densely overprints clayey sand. 
This layer is underlain by a 2 m thick layer of pale grey-green clay which is heavily 
overprinted with poorly consolidated CaC03. The latter forms a post-depositional wavy 
pattern, as illustrated in Fig. 3.14. The original bedding has been displaced upwards into 
wavelike "anticlinal-synclinal" structures with uniform wavelengths of a few metres. 
These features are described further below. The mounded CaC03 layer is sharply 
underlain by mottled clay layers. At 6.5 m depth, a distinctive horizon of cross-bedded 
coarse-grained, highly arkosic sand, <0.5 m thick, is sharply bounded by green-grey 
clayey sand and sandy clay. The basal unit at the water table is chertified grey-green 
clay which is, in places, encrusted with the secondary uranium mineral, carnotite, 
K(U02)2(VQ4)2·3H20, which is illustrated in Plate 7.12 and described in Section 7.7. 
Groundwater in the quarry is distinctly green-yellow colour, indicative of high 
dissolved uranium concentrations; uranium in solution in the reduced valance state 
(U4+) appears green and in the oxidised valance state (U6+) appears yellow (Gascoyne, 
1992). 
Depositional environments and overprinting processes 
The Tanarni Road quarry is located near the eastern edge of the lacustrine plain and the 
sediments are dominantly palaeolacustrine. The Early Tilmouth beds are suggested 
although the possibility that intensely chemically reduced, overprinted and replaced 
Anmatyerre Clay is also represented cannot be discounted because elsewhere in the 
lacustrine plain, Anmatyerre Clay has been calcretised (e.g., Figs. 4.9 and 4.10 and 
Plate 4.10). The position of the quarry in the lower reach of the interpreted Day Creek 
palaeochannel accounts for interbeds of sand, including the coarse, cross-bedded arkose 
sand bed at 6.5 m depth. Water bore RN16683, east of the quarry, taps two aquifers in 
coarse sand layers at 17 and 23 m depths; the water table is at 9 m depth, at the base of 
calcretised sand (Paul, 1996). The coarse sands are taken to be Day Creek 
palaeochannel sands and the quarry profile indicates at least one incursion of coarse 
bedload onto an earlier lake floor at some time during a period of high-energy fluvial 
activity. 
Calcrete "pseudo-anticlines" such as those described above have previously been 
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documented from Western Australia by Mann and Horwitz (1979) who also cite 
analogous examples in calcrete bodies in Mexico and southern Africa. In inland WA, 
for example, the described calcrete "pseudo-anticlines" are similar to those observed in 
the Tanami Road quarry. In both cases, the mounded CaC03 forms are a few metres 
above the water table and 4-5 m below the ground surface, they have a wavelength of 
up to several metres and an amplitude of around 0.5 m, and are composed of flaky 
carbonate that parallels the deformed bedding planes. Mann and Horwitcz (1979) 
attribute the features to rapid precipitation of carbonate, with displacive growth of 
calcite due to the forces of crystallisation, and with underlying cracks and fissures 
enhancing the availability of CaC03 -saturated solution from the water table. 
Comparable wavy patterns have been documented in lacustrine sediments at 
Punkrakadarinna in the Warburton Creek Valley, Lake Eyre Basin, by Magee (1997) 
who attributed the folds to either sagging of water-saturated clay beds as they are 
undercut by river cliff erosion, or to expansion during secondary growth of gypsum. 
In the Tanami Road quarry strata, capillarity is probably facilitated by the presence of 
the highly porous coarse sand layer located between the water table and the CaC03 
precipitation layer at the top of the capillary fringe. Thus the dynamics are enhanced 
where overlying layers are porous, expediting evaporative concentration of solutes in 
the capillary fringe, with the anticlinal structures growing upwards as fresh CaC03 
layers precipitate from below, sustained by underlying calcium carbonate saturated 
shallow groundwater and the action of capillary rise. The large amount of CaC03 at the 
site suggests a long period of accumulation, discussed further in Chapters 5 and 9, 
The mottled character of fluvio-lacustrine sediments in the Tanami Road quarry, as well 
as lacustrine sediments in the Causeway Bluff profile, described above, involves colour 
variations of reddish brown to drab olive grey colour. The mottles represent the 
influence of past and present oxidation and reduction, or "gleying", processes under 
water logged conditions. Precipitation of camotite in the Tanami Road quarry indicates 
a redox front at the water table, described further in Section 7.7. Similarly, many of the 
other secondary processes overprinting the original detrital sediments in the quarry 
involve interaction with groundwaters, although in the case of the reddened nodular 
calcrete layer near the ground surface, meteoric processes are applicable. The 
groundwater in the Day Creek palaeochannel is highly saline (RN16683, Table A4.2) 
and is apparently poorly flushed, as suggested by a 14C age of several thousand years 
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(Table 6.8). The latter is attributed to sluggish groundwater flow through palaeochannel 
aquifer and to the presence of obstructing, fault-bounded basement highs in the area 
(e.g., Fig. 2.12) which, together, impede throughflow to Lake Lewis, as discussed in 
Section 6.8. Precipitation of secondary minerals, CaC03, iron oxides, silica and 
camotite, is no doubt strongly promoted by sluggish groundwater flow, long residence 
times of a solute-laden groundwater body, a redox front and protracted periods of 
interaction between these groundwaters and susceptible sediments. Such processes are 
described further in Chapter 7. 
3.3. NORTHERN AND SOUTHWESTERN LAKE LEWIS 
Limited field investigations were carried out at Lake Lewis away from the accessible 
eastern part of the playa. Reconnaissance traverses further west were restricted to those 
times when the playa surface was sufficiently crusted to support on-lake travel via an 
All Terrain Vehicle, enabling foot traverses from the distant shorelines. The main 
objective of these few surveys was to 'ground truth' aerial photograph interpretations. 
Northern Lake Lewis 
Figure 3 .15 shows the geomorphology of the northern part of Lake Lewis, interpreted 
from 1 :50,000-scale colour aerial photographs. The main features are as described for 
the eastern part of Lake Lewis and as illustrated in Figure 3.3. The most distinctive 
landforms in the northern part of the playa are strandlines ramped shoreward over 
distances of two kilometres and up to a few metres above the playa. On the ground these 
strandlines correspond with benches and trenches superimposed on low-angle brown 
silty sand sheetwash/slopewash deposits. These landforms are commonly further 
outlined by veneers of powdery aeolian gypsum, or 'kopi'. This reconstituted gypsum 
was no doubt originally aeolian gypsum, blown from the playa, and was subj.ect to 
solution, comminution and reprecipitation in situ on the benches (recent kopi in the 
downwind landscape is described also in Section 4.3.3). Playa-fringing terraces and 
superposed lagoonal salt pans are also well represented along the northern lakeshore. 
Strandlines clearly delineated along the northern shore, along with terraces and lagoons, 
suggest relatively long-lasting and/or recurring inundations of the playa to 1-3 m levels. 
The morphology of the landforms in all cases suggest that they are relatively recent 
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Figure 3 .15. Geomorphology of the north-central part of Lake Lewis based on air photo 
interpretation depicting stranded shorelines on the gently sloping northern shore. Legend key 
below. Air photograph details: NT Government 1989 1:50 000 colour; Runs/Frames: 10/191-
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Figure 3 .16. Geomorphology of the southwestern part of Lake Lewis based on air photo 
interpretation. Air photograph details: NT Government 1989 1 :50 000 colour; Runs/Frames: 
11/134-136. Playa Pit 4 stratigraphy shown in Fig 3.23. 
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features. Major inundations of 1-2 metres have occurred following intense summer 
rainfall events in 1973-76 and 1982-83, and they probably also occurred after extremely 
high rainfalls in 1920-21, 1885-86 and 1877-79 (Fig. 1.10). It is suggested that the 
observed strandlines along the northern shore relate to these sporadic high-magnitude 
rainfall events of the last few centuries or millennia. Up-basin flood deposits in the Lake 
Lewis alluvial plain indicate that flooding has occurred episodically from the latest 
Pleistocene through the Holocene (Section 8.3.4). Similarly, major ephemeral flooding 
of central Australian rivers has been reported for this period by Baker et (1.1. (1983), 
Pickup (1991), Patton et al. (1993), Tooth (1997) and Bourke (1998). The data suggest 
that sporadic but substantial inundations of Lake Lewis have probably been typical from 
the latest Pleistocene onwards and that both erosional and depositional landforms have 
been reworked throughout this period. 
Southwestern Lake Lewis 
The geomorphology of the southwestern part of Lake Lewis is shown in Figure 3.16. 
The southern-southwestern playa shoreline, which trends WNW-ESE, is gently arcuate, 
contrasting with the more serrated eastern and northern shorelines. This may relate to 
the influence of the underlying WNW-ESE -striking Lake Lewis Fault Zone along the 
southern edge of the playa (Fig. 2.5), and to focussed groundwater discharge along this 
zone, as proposed in Section 2.6. The contrast also relates to the asymmetry of sediment 
supply to the lake which is dominantly from the north via Napperby Creek. In the 
western part of Figure 3.16, outlier portions of the playa are highly irregular. These 
parts of the playa are not underlain by faults, and the complicated morphology is, at 
least in part, related to shallow incised channels of the lower reach of Derwent Creek 
near the playa. An oblique aerial view of the main lower Derwent Creek channel, 
entrenched into the lacustrine plain across the basin axis, is shown in Plate 5.2. An 
interplay of surface water processes, in the form of intermittent channelled overland 
flow, and groundwater seepage in the channel floor is suggested. Playa-fringing dunes 
are numerous around this part of the playa, downwind from the main playa body, and 
are described further in Section 3.4. Likewise, salt pans are profuse. These are small 
deflation hollows floored by palaeolacustrine clay where the shallow saline water table 
is intersected and where efflorescent salts concentrate. A typical salt pan in this area is 
illustrated in Plate 6.2, and associated hydrologic and geomorphic processes are 
described further in Section 6.2. 
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3.4. PLAYA ISLANDS, TERRACES AND PLAYA-FRINGING DUNES 
Playa islands 
Playa islands in Lake Lewis range in size from tens of square kilometres to a few square 
metres and are up to 10 m high, although many rise only 2-3 metres above the playa 
surface. Island distribution across the playa is asymmetric with the main congregations 
located near the outflow from Napperby Delta from where there is a relatively abundant 
supply of sediment available for redistribution. The playa islands are generally 
developed on a substrate of palaeolacustrine sediments, described above, and are 
dominantly composed of aeolian sand deposits, both quartz sand and gypsum sand, 
which form composite units up to several metres thick. The gypsum sand units are 
described further below. The islands are commonly kidney-shaped in plan, with convex 
sides facing eastward, upwind. The islands are generally cliffed, particularly around 
their eastern edges, whereas the western sides commonly slope gently down to the playa 
surface. Terraces composed of hybrid sediments from mixed provenances are 
commonly accreted around the base of the islands, particularly those nearest the deltaic 
aprons. The islands are typically capped with gypcrete carapaces and overlying modem 
dunes of pale-coloured quartz sand. The latter have developed both transverse to and 
parallel with the dominant easterly winds. Only sparse vegetation grows on the island 
surfaces, commonly only stunted Melaleuca glomerata. 
Cliff and Dingo islands (Plate 1.1) are located in the eastern part of Lake Lewis, near 
the East Lewis drilling site (Fig. 3.3). These two relatively accessible islands were 
investigated by Chen et al. (1995) who documented their stratigraphy and dated the 
aeolian gypsum and quartz sand units by the thermoluminescence (TL) technique. The 
TL age data from Chen et al. (1995) are integrated with chronostratigraphic data from 
the present study in Section 8.6. Cliff Island is illustrated in Plate 3.8 and the strata are 
summarised in Plate 3.9; the stratigraphy and geomorphology are further illustrated in 
Fig. 3.17. The -2 m high basal pedestals of Anrnatyerre Clay and Latest Tilmouth beds 
are described above. Up to three gypsum sand units overlie the pedestals, interspersed 
with gypcrete layers (Plate 3.9 and Fig. 3.17). The contact between the basal Tilmouth 
beds and the lower gypsum sand unit is sharply horizontal (Plate 3.9). Dense colluvium 
from overlying cliffs commonly flanks the base of the islands, obscuring the lower 
152 
Plate 3.8. Cliff Island viewed from the east. The island is up to 8 m high and 200 
min diameter. GR NAPPERBY 244463. 
Plate 3.9. Southeastern 
profile, Cliff Island. The 
site of OSL, XRF and 
XRD samples of the 
Latest Tilmouth beds is 
indicated with a circled 
star. The Early Tilmouth 
beds have been deflated 
from the depocentre and 
are only preserved 
shoreward. The Latest 
Tilmouth beds, 
preserved in the island 
pedestals, such as 
illustrated here, were 
deposited in an inset 
setting onto an 
Anmatyerre Clay 
surface. The underlying 
Anmatyerre Clay in the 
basal part of the island 
pedestal is obscured 
beneath talus in this 
photograph (the contact 
is illustrated in Plate 3 .2 
and the stratigraphic 
relationships are 
summarised in Figs. 
3.17and3.21). 
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Figure 3 .17. Stratigraphic relationships in barchanoid playa islands at Lake Lewis, comprising 
pedestals of lacustrine clays and up to three overlying gypsum sand aeolian units (stippled) 
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Figure 3.1 8. Diagrammatic cross-section showing playa margins and a mechanism for 
precipitation of displacive gypsum (grey triangles) in beach or littoral zones at spring seepages 
around Lake Lewis during shallow lacustrine conditions. Some of the illustrated processes are 
described further in Chapter 6. 
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units. Cross-bedding is conspicuous in the middle gypsum-quartz sand unit. Genyornis 
eggshell fragments have been found on the surface of the lower gypcrete layer, beneath 
the thick middle gypsum sand layer (Chen et al., 1995), noted in Fig. 3.17, and 
described further in Section 8.4 with respect to amino acid racemization analysis of the 
eggshell by Miller et al. (2001 ). 
Plate 3 .10 shows petrographic micro graphs of gypsum sand from Cliff and Dingo 
islands, from samples provided by X.Y. Chen, University of Canberra. The gypsum 
sand is generally unconsolidated. Gypsum grains are up to 300 µ m long and 100 µ m 
thick. Discoidal gypsum forms dominate, indicative of original intrasedimentary 
displacive growth, although numerous grains are fragmented as a consequence of their 
history of transport and redeposition. The gypsum grains are similar to gypsum crystal 
in the Latest Tilmouth beds (Plate 3.3). 
Chen et al. (1995) note the presence of less than 5% sand-sized clay pellets and sparse 
gastropod shells in the Lake Lewis gypsum sand units. Clay pellets co-occurring with 
gypsum sand grains are illustrated in Plate 3.lO(b); the pellets are <200 µmin diameter 
and sub-spherical to ovoid in shape. The red brown colour of the clay pellets suggests 
that the pellets are composed of Anmatyerre Clay and that their original derivation was 
from an exposed surface of Anmatyerre Clay. 
Depositional environments: playa islands 
The playa islands have developed on palaeo-lakefloor surfaces of the Latest Tilmouth 
beds lacustrine sediment. Concordance of the flat pedestal tops delineate either the level 
of the former Latest Tilmouth lake floor or a lowered deflation surface within these 
strata. Thus, playa island formation post-dates the expanded Tilmouth palaeolake phase 
(Section 5.3) and relates to the onset of saline groundwater interaction in the contracted 
lake setting. Periods of deflation are likely at this stage in the evolution of the system, 
particularly once saline salts have formed in clay-rich sediments on exposed lake 
surfaces. Excavation of the lakebed may have been very uneven, with deepening of 
topographically low areas - where evaporites preferentially accumulated and where the 
surface was most prone to deflation upon desiccation. Deposition of aeolian material 
was probably favoured on slightly elevated adjacent ground. 
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Plate 3.10. Thin-section photographs of aeolian gypsum sand from playa islands; 
plane polarised light; blue background is stained epoxy resin impregnating the 
unconsolidated sediments. (a) Gypsum blades and discoidal grains from the middle 
gypsum sand unit at Cliff Island. (b) Discoidal gypsum and brown clay pellets from 
the base of the middle gypsum sand unit at Dingo Island. Thin-sections courtesy of X. 
Y. Chen. 
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Large quantities of discoidal, granular gypsum were evidently available during 
accretion of the aeolian units that make-up the bulk of all the islands which implies 
intermittent discharge of water carrying the dissolved CaS04, with ongoing 
replenishment of the groundwater to replace the quantities evaporating in the playa. 
Substantial periods of high recharge and relatively elevated water tables are indicated 
(Chen et al., 1995). The gypsum is dominated by discoidal, or lensoidal forms that 
indicate original intrasedimentary displacive crystallisation within the capillary fringe of 
a shallow water table, rather than subaqueous crystallisation in lakewaters which would 
tend to produce more prismatic, 'sedentary' crystals (as discussed by Magee 1991). 
Clay pellets in playa aeolian deposits owe their origin to a dry or drying lakebed where 
soluble efflorescent salts such as gypsum and halite crystallise in clays within the 
capillary fringe (Bowler, 1973; 1983). The near-surface crystal growth from evaporating 
groundwaters promotes mechanical fragmentation of clayey sediment that may have 
formerly been cohesive. The resultant "fluffy" clay and salt material exposed in a dry 
lakebed is easily eroded and deflated in sand-size aggregates (Bowler, 1973; 1983). The 
subordinate quantity of clay pellets, relative to gypsum sand grains, in the Lake Lewis 
island aeolian units indicates that the above-described processes were atypical compared 
to conditions that promoted formation of discoidal gypsum crystallisation in, or around, 
the playa. This may suggest that shallow lakewaters persisted in Lake Lewis whilst 
displacive gypsum precipitated around the margins of the water body, possibly in beach 
sediments, and that the clayey lakebed was seldom, or incompletely, exposed during 
major periods of gypsum formation and deflation. Comparable aeolian deposits are 
common at Lake Amadeus where Chen et al. (1991a; 1993) propose that the 
sedimentary gypsum may have precipitated in near-shore areas, in marginal 
groundwater seepage zones during episodes of high regional water table. The scenario is 
adapted in Figure 3.18 for the Lake Lewis setting. An elevated water table is portrayed, 
where the lake margin sediments lie within the capillary fringe of groundwaters and 
where shallow lakewaters may also persist. Seasonal fluctuations of the water table and 
desiccation of the shore sediments would make both elastic sediments, such as beach 
sands, and displacive gypsum crystals available for deflation and aeolian transport to 
nearby islands. 
Gypcretisation ofrespective aeolian gypsum sand units may have occurred in response 
to infiltration of meteoric waters which promoted solution and in situ reprecipitation of 
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the aeolian gypsum deposits, prior to deposition of an overlying gypsum sand unit. 
Pedogenic gypcretisation processes in central Australia are described in detail by Chen 
et al. (1991a; 1991b) and Chen (1997). The final gypcretisation phase at Lake Lewis, 
represented by the gypcrete carapace on the top of the islands (Plate 3.9; Fig. 3.17), may 
be a recent development. In the present semi-arid climate, it seems that displacive 
gypsum such as produced at Lake Lewis during accumulation of the main island dunes 
is no longer being generated. This may be due to limited dissolved calcium at the 
depocentre (discussed in Sections 6.5 and 6.7). 
Ephemeral surface water concentrates in the topographically low areas (e.g., Fig. 1.12) 
and erodes adjacent landforms, such as the islands, to produce the described cliffed 
pedestals of lacustrine sediment and aeolian sediments. 
Playa terraces 
Playa-fringing terraces, illustrated in Figures 3.1, 3.3, 3.15 and 4.1 , are generally <l m 
above the playa, although, in places, they are up to 2 m high. rn the northern part of the 
playa, where there is a profusion of islands, the terraces are sometimes linked to the 
shore and to groups of islands in the form oftombolos and tie-bars. A low-angle, 
slightly ramped terrace is illustrated in Plate 1.2, and converging terraces either side of 
the Causeway are illustrated in Plate 3.5. The terraces support sparse Chenopodiaceae 
shrubs, particularly samphire. fu places, the terraces and tombolos contain superposed 
'lagoonal' salt pans that are slightly elevated above the main playa surface and which are 
episodically inundated by lakewaters. The composition of the terraces varies and the 
sediments are no doubt polycyclic, including recycled grey-brown lacustrine clay with 
powdery gypsum, aeolian sand sheet(s), reworked deltaic alluvium, and reworked 
aeolian gypsum crystals and quartz sands sourced from island cliffs. The playa terrace 
near Dingo Island and the East Lewis drilling site has been described by Chen et al. 
(1995), and comprises reddened dune sand that was mobilised from the adjacent dune, 
and a gypcrete carapace (Fig. 3.19). The transgressed sand sheet was apparently covered 
with lakewaters from which gypsum precipitated, and this layer was subsequently 
gypcretised (Chen et al., 1995). The extent of this type of playa-fringing terrace is not 
known (further examination of the terraces is proposed in Section 9.3). 
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Playa-fringing dunes 
Playa-fringing quartz sand dunes occur around the shores of Lake Lewis, indicating that 
these dunes relate to the modern groundwater playa regime, even though the constituent 
sand grains themselves have probably experienced a long, polycyclic history. The 
dispositions of the playa-fringing dunes contrast with the regional linear dunes across 
the basin south of the playa, which are described in Section 4.11. 
Heights of the playa-fringing dunes vary from a few to several metres, although one 
large dune located between the western end of the main playa and the eastern edge of 
Lake Waudby is over 20 m high (labelled in Fig. 4.3). The dunes are composed ofwell-
sorted, medium grain-sized, pure quartz sand grains that are variably coated with 
hrematitic argillan cutans (the term 'wiistenquarz' is reserved for silt-sized fractions of 
reddened quartz grains and is generally not used in this thesis). Thus, the colour of these 
dunes tends to vary from place to place, ranging from bright red (Munsell soil colour 
10R4/8) to pale orange (e.g., 5YR7/3). Ferrolysis processes associated with reddening 
of dune sands are described in Section 7.5. In some cases such coatings are completely 
absent (e.g., the small modern dunes on top of playa islands, Fig. 3.17), suggesting 
relatively fresh, immature detrital sands, particularly those that may have originated 
from upwind granite inselberg areas and which have had a subsequent beach 
provenance where clay and iron oxide coatings were not acquired. 
Paired dunes parallel to the playa edge are not uncommon (e.g., Fig. 3.5), and, in places, 
a suite of up to five dunes have formed, all parallel to each other and to the playa edge 
(e.g., Figs. 3.16 and 3.20). In places, dune sand has transgressed onto the adjacent playa 
surface, either as an aeolian sand sheet or washed lakeward from the dunes during high 
runoff events, to ultimately become the substrate of terraces. An example is documented 
by Chen et al. (1995) and illustrated in Figure 3.19(c). Blow-outs are common along the 
playa-fringing dunes. Complex duneforms have developed from blow-outs to produce 
dune chains with the former lake-shore dune reworked into small en echelon east-west 
trending dunes that are linked to the intact shoreward dune at an acute angle, such as 
illustrated southeast of the auger hole labelled in Figures 3.16 and 3.20. Uniform 
internal compositions of well-sorted sand are indicated in auger holes through dune 
crests (e.g., Figs. 3.19b and 3.20). In places, however, playa-fringing dunes have cores 
of powdery to massive and partially indurated gypsum. One such is documented by 
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Figure 3. l 9(a) Map of playa-fringing dunes in the eastern part of Lake Lewis showing: 
auger hole sites; gypsum-cored dunes (asterisks) and the location of the lake shore transect 
of Chen et al. (1995); Geomorphology legend as for Fig. 3.3; (b) Logs for auger holes; (c) 
Transect across the marginal zone gypsum dune and playa terrace opposite Dingo Island, 
location shown in (a), above (redrawn from Chen et al., 1995; Fig. 6). 
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Plate 3.11. Kopi-cored playa-fringing dune beside the seismic line; fine-grained to 
powdery gypsum is commonly exposed in blow-outs such as this along the Jake 
shore. Melaleuca glomerata and spinifix (Triodia) vegetation. Location shown in 
Fig. 3. l 9(a). GR NAPPERBY 250465. 
Plate 3.12. Playa-fringing quartz sand dune west of the East Lewis drilling site, at 
the end of the main eastern Lake Lewis peninsula. The dune is essentially stable, 
with a slightly mobile crest, and is vegetated with melaleuca (Melaleuca 
glomerata) and ptilotus, adjacent to the sampbire (Chenopodiaceae) zone of the 
lake margin. Location shown in Fig. 3.l 9(a). GR NAPPERBY 244462. 
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Chen et al. ( 1995), reproduced in Figure 3 .19c, and another is illustrated in Plate 3 .11. 
The original gypsum cores may have had the same provenance as the gypsum crystals 
extant in the aeolian units of the playa islands, described above, and may have been 
deposited contemporaneously. However, in the case of the playa-fringing dunes, the 
original gypsum has been subject to intense conuninution, solution and re-precipitation 
processes beneath mantling quartz sands. 
Thus, the playa-fringing dunes commonly have a multi-generation history involving 
initial aeolian accumulation of gypsum crystals, possibly from adjacent beaches during 
conditions described above and illustrated in Figure 3.18, subsequent blanketing quartz 
sand deposition, pedogenic alteration of the gypsum cores in percolating meteoric 
waters, and, latterly, wind erosion and neoformation of parasitic dunes. Typically, the 
dunes are moderately well-vegetated, although the frequency of blow-outs on non-
vegetated sections, plus mobile crests, such as illustrated in Plate 3.12, indicate that they 
are not fully stabilised and are being actively modified under current conditions. 
3.5. MODERN PLAY A SEDIMENTS 
Figure 3.21 summarises the stratigraphic relationships of the main Lake Lewis playa 
units that are described above. The Early and Latest Tilmouth beds have been 
completely removed from the playa surface and are only preserved in island pedestals, 
whilst only the Early Tilmouth beds are preserved shore\:vard (where the Latest 
Tilmouth beds are unlikely to have been deposited). The Anmatyerre Clay has been 
excavated and approximately 2 metres of the clay has been removed from the prior 
surface which may have been either the Anmatyerre lakebed or an early deflation 
surface that predated deposition of the Tilmouth beds. In topographically low parts of 
the playa, modern playa sediments are inset within the excavated palaeolacustrine 
sediments. The products from these excavations of lacustrine sediments have not been 
identified in the landscape but they may be present in the western part of the lacustrine 
plain beneath aeolian quartz sand sheets. 
In the East Lewis drill-core, 0.85 m of heterogeneous sediments at the top of the core 
overlie 11 m of uniform Anmatyerre Clay (Fig. 3.4). The modem playa sediments are 
illustrated in Plate 3.13 of a pit dug near the East Lewis drilling site. These sediments 
include layers of grey or brown clay and layers ofreddened dune sand that either 
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Plate 3.13. Pit 7 near Dingo Island, above the water table (located at 1.1 m depth, 
immediately below the pit floor), showing heterogeneous lacustrine sediments 
('modern playa sediments') which overlie Anmatyerre Clay in the playa. 
Stratigraphy logged in Fig. 3.4. A layer ofreddened 'desert sand' is conspicuous; 
this former dune sand either transgressed onto the lakebed as an aeolian sand 
sheet, possibly during the last period of major aeolian activity, or was 
subsequently washed into the lake with runoff from nearby playa-fringing dunes. 
Location shown in Figs. 3.5(b) and 3. l 9(a). GR NAPPERBY 246463. 
Plate 3.14. Large incorporative intrasedimentary gypsum crystals grown 
immediately above the water table, at 0.5 m depth beneath the playa surface near 
Dingo Island. The euhedral pyramidal tabular lozenges are hexagonal in plan and 
inclusion-rich, containing concentric layers of reddened quartz sand grains 
indicative of rapid crystal growth in a porous sand layer. Growth orientation is 
sub-horizontal to random; the gypsum crystallized at the elevated water table soon 
after inundation of the lake in early 1997. 
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transgressed into the playa as aeolian sand sheets or was washed in with runoff waters 
from adjacent shoreline dunes. Intrasedimentary gypsum is commonly present, 
particularly near the water table and in sandy layers, such as illustrated in Plate 3.14 and 
described below. 
Intrasedimentary gypsum 
The gypsum crystals illustrated in Plate 3.14 are large, to 4 cm in length, lozenge-
shaped, bipyramidal, and inclusion-rich. Rapid growth and the porous host sand has 
resulted in poikilitic inclusion of concentric layers of reddened quartz sand grains 
during growth. Growth orientation was sub-horizontal to random. The sand layers have 
a high porosity and permeability compared to surrounding clay layers and it is apparent 
that gypsum crystallisation was favoured in the former. The properties of the sand 
layers permit rapid ionic migration to a few large centres of crystallisation and can thus 
promote growth of large crystals (Masson, 1955). Under conditions of high permeability 
it is easier to grow a few very large crystals than have to overcome barriers to 
nucleation (J. Magee, ANU, pers. comm., 2001). The rapidity of crystallisation may 
have offset the effects of organic additives near the water table which would otherwise 
tend to favour discoidal forms (processes described by Masson, 1955, and Cody, 1976). 
It is further noted by Cody and Shanks (1974), that inclusions occur only during rapid 
and/or uninterrupted growth when ionic migration to the growing crystal face exceeds 
the rate below which host grains are pushed aside. Such conditions prevail at the water 
table where there is constant replenishment of gypsum-saturated water as evaporation 
occurs. Gypsum morphologies and genesis in Australian playas and salinas are further 
described by Caldwell (1977), Warren (1982), Bowler and Teller (1986), Logan (1987), 
Chen (1989) and Magee (1991; 1997). 
Playapits 
Figures 3.22 and 3.23 show the stratigraphy of six pits dug into the playa surface at 
scattered sites across the playa (localities shown in Figs. 3.3 and 3.16). The near-surface 
sediment is dominantly clay, with brown, red brown and grey colour variations; coarse 
elastic sediments are absent and sparse displacive gypsum is present. In some cases, the 
clay is mottled below the water table (Fig. 3.23). Pit 3 in the Napperby Delta apron 
reveals several distinctly different clay layers (Fig. 3.22). Similarly, Pit 4 in the western 
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part of the playa reveals at least five clay strata (Fig. 3.23). These clays indicate 
sedimentation in standing water, and up to several distinct depositional episodes are 
represented. It is not possible to unequivocally identify contacts between these near-
surface clays and the underlying Arunatyerre Clay as there are no marker horizons and 
no outstanding distinguishing features for assignation of the clay strata. In large parts of 
the playa, the Arunatyerre Clay may commonly be present at, or only slightly below, the 
playa surface. Accumulation of modem playa sediments may be largely restricted to the 
bathymetric low areas, where the Arunatyerre Clay surface has been more deeply 
excavated, and to parts of the playa where there is outflow from Napperby Delta and 
other creeks or where transgressions of aeolian sand sheets from playa-fringing dunes 
are noted. 
3.6. THE PLAY A SURF ACE 
Airborne gamma-ray spectrometry 
A distinctive characteristic of the Lake Lewis playa surface is the high uranium 
composition, which is revealed as anomalous blue in the AGS image in Figure 3.24. 
High uranium is typical for Australian Proterozoic granite terrains and, in Lake Lewis 
basin, concentrations of dissolved uranium are present in groundwaters flowing from 
granitic catchments (up to 300 ppb U; Arakel, 1988). In optimal situations, such as in 
Day Creek palaeochannel, described above (Section 3.2.5), the secondary uranium 
mineral, camotite, is actively precipitating at the water table. Conditions and processes 
promoting camotite precipitation are described further in Section 7.7. Down-gradient, at 
Lake Lewis, uranium-rich groundwaters are discharging and concentrating the strong 
gamma-emitting daughter radionuclides at the playa surface to produce the observed 
AGS anomalies. 
In the granitic provenance areas, in the Teapot Granite Complex in the MacDonnell 
Ranges, in Stuart Bluff Range and the inselbergs close to Lake Lewis, uranium probably 
occurs as insoluble lJ4+ in minerals such as zircon, monazite, xenotime and titanium-
oxides. In its oxidised valence state (U6+), uranium complexes with anions such as 
co/· and sol-to form various soluble species (Gascoyne, 1992). Uranium in shallow 
groundwaters approaching Lake Lewis is probably migrating in carbonate and sulphate 
complexes. Differential movement of uranium and its daughters leads to disequilibrium 
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Figure 3.24. AGS image of Lake Lewis enlarged from Fig. 1.7. Red-Green-Blue = K-Th-
U, respectively. High U-series radionuclide radiation around the edges of Lake Lewis 
(bright blue) reflects zones of discharging uranium-rich groundwater and concentration of 
the strong gamma-ray emitting radium daughter radionuclides. Null gamma-radiation in 
the central part of the playa indicates gamma-ray absorption in water in the moist 
capillary fringe where the water table is high. Radium is also concentrated in calcrete-
gypcrete at the base of the northern flanks of Stuart Bluff Range cuestas. High U and Th 
signatures are associated with granitic exposures in inselbergs and the southern flanks of 
Stuart Bluff Range, and null gamma-radiation with quartzite on the crests of the range. 
238 U Series half-life 232 Th Series half-life 
mu 4.51 x 109 years 232 Th 1.41 x 1010 years 
234 Th 24.lO days 228 Ra 6.7 years 
234 Pa 6.75 hours 228 Ac 6.13 years 
234 u 2.47 x I 05 years 22s Th 1.9 years 
230 Th 7.5 x 104 years 224 Ra 3.64 days 
226 Ra 1602 years 220 Rn 55.3 sec 
222 Rn 3.82 days 216 Po 0.145sec 
218 Po 3.05 days 212 Pb 10.64 hours 
214 Pb 26.8 min 212 Bi 60.60 min 
214 Bi 19.9 min 212 Po 3.04 x 10·1 
214 Po 1.64 x 1 o"' sec 20s Tl 3.10 min 
210 Pb 22 years 20s Pb stable 
i10 Bi 5.013 days 
210 Po 138.40 days 
206 Pb stable 
Table 3.1. Radioactive decay series for 238 Uranium and 232 Thorium and half-lives of 
each isotope. Gamma-ray emitting 226 Ra is the main source of disequilibrium 
around salt lakes; 228 Ra is also mobilised in highly saline groundwaters. 
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and separation of gamma-emitting daughters. Whilst uranium itself does not emit 
gamma-rays during decay, energetic daughter isotopes are strongly radioactive, radium 
in particular. Radium isotopes are long-lived members of both the U and Th series and 
Ra mobility can be a source of disequilibrium in both series (Table 3.1). Radium is an 
alkaline-earth metal and behaves chemically somewhat like barium (Hem, 1985), and 
can form uncharged RaS04 ° complexes that tend to become stabilised in high ionic 
strength solutions (Gascoyne, 1992). 226Ra contents are very high in the Lake Lewis 
sediments, 44-116 Bq/kg in the Latest Tilmouth beds and Causeway Bluff sediments 
(OSL Samples 97001, 97002 and 96120, Table 8.2) compared to typical 226Ra 
concentrations in dilute surface waters of is less than 0.1 BqL-1 to over 20 BqL-1 in 
some saline groundwaters (Gascoyne, 1992). Thus, the high uranium-series gamma 
signal and its distribution at Lake Lewis is attributable to RaS04 and/or as the long-
lived 226Ra isotope adsorbed onto sediment particles in the playa surface where 
uranium-rich groundwaters are discharging and evaporating. Radon (Rn), on the other 
hand, is an alpha-emitting noble gas and is not ionised or reactive under environmental 
conditions (Gascoyne, 1992), and its presence is therefore not reflected in Figure 3.24. 
The high uranium-series gamma-radiation signal around the playa margins in Figure 
3.24 diminishes lakeward where a higher water table is responsible for attenuation of 
gamma-rays, resulting in null AGS detection (black signature in Fig. 3.24). The AGS 
survey was flown in late 1997 (details given in Fig. 1. 7), following above-average 
rainfall and shallow inundation of the playa earlier in 1997 (described in detail in 
Section 6.6.1 ). High moisture content across much of the playa surface persisted until 
well after the survey in November 1997, with the consequences of no gamma-emitting 
efflorescent salt crust and absorption of gamma-rays by water molecules across the 
centre of the playa and the observed AGS signal. 
Playa surface types 
Salt crusts on Lake Lewis are ephemeral because the playa is sporadically flooded, with 
consequent solution of pre-existing salts. Inundation occurs roughly once every few 
years, usually whenever rainfall exceeds the average annual precipitation of 280 mm or 
when rainfall events are sufficiently intense and the substrate is sufficiently moist to 
promote overland flow rather than rapid evaporation of runoff up-gradient, before it 
reaches the lake. Commonly, Lake Lewis is a 'mud lake' rather than a 'salt lake' (e.g., 
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Plate 6.3), a condition that can persist for a year following even minor inundations of a 
few centimetres of surface water. The behaviour is consistent with the position of Lake 
Lewis close to the hydrologic threshold in Figure 1.13. This classification scheme of 
Bowler (1981) predicts that only a small positive change in climatic parameters - such 
as an increase in rainfall, a lower evaporation rate, an enhanced runoff coefficient, or a 
favourable combination of these three variables - would promote Lake Lewis to 
permanent lake status. 
Notwithstanding the frequent predominance of mud over salt at the playa surface, thin 
efflorescent salt crusts form in the years between inundations. Older salt crust persists 
on those parts of the playa that are seldom subject to flooding, either because of their 
remoteness from outflow points from the creeks or because the playa surface is 
topographically elevated relative to the bathymetric low areas. The salt crusts are 
generally only a few centimetres thick. Typical 'fresh' salt crust is illustrated in Plate 
3.15, comprising a puckered texture of desiccating mud and efflorescent halite (NaCl)± 
gypsum (CaS04·2H20) and subordinate Kand Mg salts. As the playa dries from the 
surface downwards, water is drawn upwards from the underlying brine pool. This 
capillary action is driven by evaporative pumping and the mechanism is controlled by 
the molecular attraction between clay particles and water. Interstitial brine thus exposed 
to the atmosphere evaporates, leaving its solute load on the playa surface in the form of 
a salt crust. The actual net evaporation rate (i.e., the water lost from groundwater 
seepage) at the Lake Lewis playa surface is probably of the order of 50 mm/yr, and 
possibly as much as 70 mm/yr, based on estimates for other inland Australian salt lakes 
(Chen, 1989, 1992; Jacobson, 1987; Schmidt, 1985). Thus, the amount and rate of salt 
precipitation per year is limited by the volume of water evaporating from the playa 
surface and the rate at which the H20 molecules are vaporised. If 50 mm of brine 
containing approximately 210,000 mgL·1 TDS (an average Lake Lewis brine salinity; 
Table 6.5) is evaporated in a given year, only about 10 mm of salt will accumulate, a 
volume that is consistent with interannual field observations at Lake Lewis. Since >75% 
of the brine IDS comprises sodium and chloride, most of the efflorescing salt is halite, 
with subordinate gypsum and Mg- and K-bearing salts. Additional ions present in the 
brines that are not in the analytical suite for the present study (Table A4.2), such as 
manganese, barium, strontium and boron - inherited from granites and gneisses in the 
catchment - will most likely become concentrated in the efflorescent salts as pore 
waters are lost to the atmosphere. These ions will be present in the efflorescent crust in 
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Plate 3.15. Effiorescing salt on a puckered playa crust, a common surface texture 
over much of the playa, where the salt is derived by capillary rise from the water 
table. 
Plate 3 .16. Buckled playa crust of desiccated mud and effiorescent halite across 
the western part of Lake Lewis where surface water inundation is infrequent. 
From the air this playa surface has a distinctive pattern of long-wavelength arcs 
that may be inherited from drying stages after episodic inundations that 
proceeded from the lake margin to lake centre, concentrically around topographic 
low areas. Pit 4; location shown in Fig. 3.20. GR NAPPERBY 231470. 
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Plate 3.17. 'Popcorn' textured playa surface developed from desiccating mud; fine 
filaments of halite are crystallising from dehydrating interstitial brine rising by 
capillary action from the capillary fringe above the water table. GR NAPPERBY 
245463. 
Plate 3. l 8. Sulphide-rich mud beneath the playa surface in the topographically low 
zones near Napperby Delta where episodic ephemeral surface waters commonly 
concentrate. The sulphide mud is water-logged and is overlain by a very smooth playa 
surface with fresh halite efflorescence. Cuestas of Stuart Bluff Range on the northern 
horizon. GR NAPPERBY 247466. 
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proportions consistent with their concentrations in the parent brine. Since calcium 
availability appears to be the limiting factor to the amount of gypswn precipitated 
(discussed in Section 6.7), excess sulphate (Table 6.5) that is not utilised in Na- K- and 
Mg-sulphates (e.g., mirabilite, thenardite, epsomite, glauberite, bloedite and kainite), 
may precipitate as efflorescent SrS04 (celestite), BaS04 (barite) and RaS04, depending 
on cation availability. 
Plate 3.16 illustrates older playa crust in the western part of Lake Lewis (Pit 4, location 
shown in Figs. 3 .16 and 3 .20), where inundation is infrequent compared to the eastern 
parts of the playa. The surface is deeply buckled and has a "ploughed-paddock" 
topography that is filmed with efflorescent salt. The brown-grey clay substrate, which is 
probably Anmatyerre Clay, has been heaved upon desiccation through evaporative 
pumping, and the hummocks and hollows have been corroded by rainwash. The 
hummocks and hollows form ridges that, in aerial photographs, are seen to represent 
large-scale concentric arcs with wavelengths of several kilometres. This morphology 
may relate to the receding stages of shallow lakewaters and the progression of drying of 
the surface from the playa margins inwards to the low central areas. 
Plate 3.17 shows a 'popcorn' textured playa surface on which halite whiskers are 
precipitating. The salt filaments are growing from east to west, consistent with the 
dominant wind direction, indicating an interplay between capillarity and gentle 
windflow for formation of this delicate efflorescent salt. Plate 3 .18 is of a 'sulphide 
lowland' playa surface type that is analogous to that described by Chen et al. (1991 b) at 
Lake Amadeus. The area is topographically low, located south of Napperby Delta 
apron, and is characterised by black sulphide-stained mud that is at least 20 cm thick. 
The mud has a thixotropic consistency and is frosted with only a couple of mm of 
smooth efflorescent salt. The sulphide mud is produced by bacterial reduction of 
sulphate and conversion of iron bearing phases in the clay to metastable iron sulphides, 
with consequent blackening and water-logging of sediments, the latter as illustrated in 
Plate 3.18. Sulphate reduction processes are described in detail in Section 7.6. 
'Gypswn ground', described by Chen et al. (1991b) from Lake Amadeus, is not present 
at Lake Lewis. Gypsum ground, comprising 16% of the Amadeus playa surface, rises 
from the surrounding smooth, white playa surface and is overlain by a heaved brown 
crust; this elevated playa surface is composed of 60% gypswn, interlayered with elastic 
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bands of sandy clay (Chen et al., 1991 b ). The original gypsum crystals were sand size 
lenticular crystals that precipitated during a high regional water table, and may have 
once covered the whole playa surface. The gypsum deposits have subsequently been 
broken down into terraces and islands and also been subject to in situ chemical 
degradation due to solution and leaching processes (Chen et al., 1991b). If gypsum 
ground has been present at Lake Lewis in the past, the greater frequency, extent and 
depth of flooding by dilute creekwaters here - compared to Lake Amadeus - no doubt 
implies that it may have been a relatively short-lived playa surface. Nonetheless, the 
possibility that it is represented in the substrate within playa terraces at Lake Lewis has 
not been explored and requires further investigation (proposed in Section 9.3). The 
implications may be significant in terms of possible provenance areas for aeolian 
gypsum sand deposits that are extant in the landscape and would also clarify whether 
subaqueous gypsum precipitation from lakewaters was a major process during 
evolutionary phases of the playa. 
Another playa feature that is absent from the surface and near-surface sedimentary 
record at Lake Lewis are soil horizons that would point to episodes of lowered water 
tables, cessation of groundwater discharge, a switch to a groundwater recharge regime 
at the exposed lakebed, and the establishment of vegetation on the playa surface. These 
processes are described by Bowler (1998) from Willandra Lakes, southern New South 
Wales, and Jacobson and Jankowski (1989) from Spring Lake, east of Lake Amadeus, 
in the latter case, abandonment of the playa is due to groundwater head decay, and 
transgression of both aeolian sediment and vegetation from the playa margins. These 
processes are applicable to Lake Lewis with respect to the 'Tilmouth palaeo-lakebed' 
shoreward, within the lacustrine plain (e.g., Plate 5.1), but are not represented in the 
present playa area of 250 km2 nor in underlying near-surface sediments. The extant 
record indicates that high water tables are typical for Lake Lewis and have dominated 
the evolution of the playa for a long period. This deduction is consistent with observed 
basin hydrologic processes that indicate appreciable runoff, large episodic surface water 
discharges and associated replenishment of the groundwater system, and at least 
moderate throughflow to the discharge zone promoted by both porous palaeochannel 
sands leading lakeward and a hydraulic head exceeding 40 m, features that are discussed 
in following chapters. 
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3.7. SUMMARY 
• Lacustrine sediment intersected in drill-holes in Lake Lewis comprises at least 12 m 
of uniform red-brown clay, the Anrnatyerre Clay, that accumulated from suspended 
load in perennial standing water. The clay was deposited in a large, deep lake, the 
Anrnatyerre palaeolake, which was well-oxygenated and flushed, and was probably 
an overflow lake. 
• The Anmatyerre Clay is present in island pedestals, identical to and contiguous with 
that intersected in drill-core. Approximately one metre of Anrnatyerre Clay at the 
base of the island pedestals is overlain by a metre of more heterogeneous clay-rich 
sediment, the 'Latest Tilmouth beds'. The latter comprises sublaminated, gypseous 
olive-grey clay. Gypsum crystals are displacive and discoidal, attesting to 
interaction between lacustrine clay layers and highly saline groundwaters. The 
Tilmouth beds represent closed hydrologic conditions and variable lake depths and 
salinities. The Latest Tilmouth beds are only preserved in the island pedestals 
whereas 'Early Tilmouth beds' are widespread shoreward where they have been 
protected from deflation by thick overlying aeolian deposits. 
• The Early Tilmouth beds are well-exposed at Causeway Bluff, in the eastern part of 
the playa, where they form pedestals up to 3 m above the level of the adjacent lake-
shore terrace. The Early Tilrnouth beds pedestal, here, is overlain by approximately 
4 metres of indurated calcareous aeolian deposits. Detrital sand grains in the aeolian 
units is subangular, immature and poorly sorted, derived most likely from alluvium 
near the upwind granite inselbergs and from further afield, across Burt Plain. 
Calcium carbonate dust that now forms CaC03 cement throughout the aeolian units 
was sourced from exposed, upwind calcrete ground in the lacustrine plain east and 
southeast of Lake Lewis. The Causeway Bluff cliffs of the Tilmouth beds and 
calcareous aeolian units have been eroded into a series of arroyos and fine-scale 
rills. 
• The Tanami Road quarry exposes up to eight metres of fluvial-lacustrine sediments 
that have been intensely altered and overprinted by calcium carbonate. Both vadose 
and phreatic CaC03 are represented in the profile above the present-day water table. 
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Replacement of original detrital sediments with CaC03 has caused volume 
displacement in thick layers, producing anticlinal-synclinal structures from the 
former flat-lying sediments, as growth layers accumulate in the capillary fringe 
above the water table. Silicification and secondary uranium mineralisation is also 
occurring at the water table, where groundwater is highly saline and moving 
sluggishly towards the discharge zone. 
• Early Tilmouth beds are recognised at widespread localities within the lacustrine 
plain, including the SLEADS Napperby drill-cores and at Causeway Bluff (along 
with other sites described in Chapter 4). Heterogeneous sediments are represented, 
ranging from olive-green saline sandy clay at Causeway Bluff, to yellowish brown 
clayey sands in the SLEADS drill-cores. The grey sand clay in Tanami Road quarry 
that is intensely overprinted with CaC03 may also, or at least in part, be Early 
Tilmouth beds, interbedded with Day Creek palaeochannel sediments. The contrasts 
in the sediments are attributable to different lacustrine and deltaic depositional 
episodes spanning possibly a long period of time and fluctuating climatic and 
hydrologic conditions, and to facies changes, from the depocentre to marginal lake 
environments during these episodes. Post-depositional overprinting of the Early 
Tilmouth beds complicates comparisons and correlations between sites. The 
maximum thickness of the Early Tilmouth beds unit is not known because oflosses 
to deflation and, in places, the intensity and extent of calcretisation, although a few 
metres are suggested. 
• All of the Tilmouth beds, i.e., 'Early' and 'Latest' facies alike, and at least two 
vertical metres of the Anmatyerre Clay have been lost to deflation from prior 
lakebed surfaces across the topographically lowest part of Lake Lewis. This has 
produced topographic lows in the playa which are, in places, infilled with modem 
playa sediments. 
• Modem playa sediments, deposited onto excavated Anmatyerre Clay surfaces, 
include clay and reddened quartz sand layers, the latter sourced from dunes and 
represent either transgressed sand sheets or dune sands that have washed into the 
lake in local runoff. Elsewhere, clay-rich near-surface sediments cannot readily be 
distinguished from the Anmatyerre Clay. 
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• The northern shore of Lake Lewis records a series of strandlines that parallel the 
irregular playa outline. The landforms extend northward for 2 km and are a legacy 
of recurring inundations of up to a few metres depth that appear to be typical of the 
modem hydrologic regime. Flooding of Lake Lewis has occurred in recent decades, 
although some of the observed landforms probably relate to Holocene and latest 
Pleistocene events. 
• The southern margin of Lake Lewis is arcuate in plan and contrasts with the serrated 
outline of other parts of the playa. The southern-southwestern edge is an important 
groundwater discharge zone where the playa is underlain by the Lake Lewis Fault 
Zone. The morphology of the southwestern part of the playa, further west, is much 
more irregular as a consequence of incised channels associated with the lower 
reaches ofDeiwent Creek. The channels have been shallowly entrenched into 
palaeolacustrine clay and have intersected the water table and become groundwater 
seepage zones. Both playa-fringing dunes and salt pans are profuse around the 
southwestern, downwind part of the playa. 
• Playa islands are characterised by pedestals of lacustrine sediments, both the 
Anmatyerre Clay and the Latest Tilmouth beds, and up to several metres of aeolian 
gypsum sand deposits. The constituent gypsum sand is discoidal in form and was 
originally displacive, possibly derived from beach zones during periods of high 
water tables. Gypsum sand units are interspersed with gypcrete layers and the 
islan~s are capped with gypcrete carapaces. The aeolian islands are commonly 
kidney-shape in form, with convex sides facing upwind, to the east. Cliffing is 
typical, and many islands have accreted terraces of mixed sediments around their 
bases, particularly those near the Napperby Delta apron. 
• Playa fringing dunes display complex patterns and have a polycyclic history that is 
reflected in gypseous cores, well-winnowed quartz sand blankets, dune sand colour 
ranging from deep red to white, parasitic dunes, and active crests. Networks of 
playa-fringing dunes merge with linear dunes away from the playa environment. 
• Post-depositional displacive intrasedimentary gypsum is sparse throughout the 
Arunatyerre Clay column. More abundant intrasedimentary gypsum occurs at the 
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water table where this coincides with sand layers in modern playa sediments. The 
latter intrasedimentary gypsum is incorporative, rather than displacive, and includes 
poikilitically-included concentric layers of sand grains. 
• Following episodic shallow surface water floodings of Lake Lewis, approximately 
every few years, the playa surface remains muddy for several months after which 
efflorescent salt begins to precipitate. Playa surface textures vary according to the 
frequency of inundation, ranging from smooth, flat surfaces to bulbous salt crusts to 
broad-scale ridge morphologies in more desiccated areas. Halite dominates the 
mineralogy of the efflorescent salts. The presence of RaS04 is reflected in gamma-
ray imagery and indicates discharge of uranium-rich groundwaters at the playa. The 
arumal salt crust accumulation rate during dry years is less than 1 cm/year. 
186 
CHAPER 4. PLAYA SURROUNDS AND ALLUVIAL PLAIN 
4.1. INTRODUCTION 
Lake Lewis playa and its shorelines, described in Chapter 3, represent approximately 
l 0% of the area of Lake Lewis basin, with the outer parts of the lacustrine plain, the 
extensive alluvial plains and bedrock outcrops occupying the remaining 90% (Fig. 1.7). 
The present chapter overviews the main Quaternary environments of the latter parts of 
the basin, away from the depocentre at Lake Lewis. Surveying the geomorphology of 
and sedimentary sequences within these basin sub-environments for the present study 
was at a reconnaissance level. The objectives were twofold: to 'ground truth' aerial 
photograph interpretations, and to document as many landforms and depositional 
settings as possible to represent the basin as a whole. These objectives were greatly 
aided by the availability of processed Landsat Thematic Mapper (TM) and airborne 
gamma-ray spectrometric (AGS) imagery, which enabled hundreds of square kilometres 
of landscape to be characterised backed up by, in places, limited field traverses (cf. 
Section 1.1). 
The basin-scale physiography is outlined in Section 1.3.2. The mountainous catchments 
in the MacDonnell Ranges are described in Chapter 2. The Cainozoic stratigraphy 
beneath the alluvial and lacustrine plains is described in Section 2.5, and only the 
surficial and near-surface units are investigated in the present chapter. Important in this 
regard are the Neogene strata that are portrayed in Figure 2.18 (b) that include broad 
alluvial fan sediments north of the MacDonnell Ranges and thick, uniform Anmatyerre 
Clay beneath the present-day site of Lake Lewis (the latter described in Section 3.2.2). 
Calcretised and silicified Tertiary sediments are also represented at depth beneath the 
alluvial and lacustrine plains and no doubt relate to some extent to conditions and 
processes pre-dating the Upper Quaternary. However, these occurrences, to depths of up 
12 m, overlap with and cannot be discriminated stratigraphically, geomorphologically 
or texturally, from more recently formed calcrete and secondary silica in the surficial 
environment, so are described along with the recent chemical overprints as part of the 
present chapter. 
The following sites and landforrn types are chronicled in the present chapter: Napperby 
Delta (Section 4.2); Western Lake Lewis, west of the main playa (Section 4.3), 
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including descriptions of features at Lake Waudby (Section 4.3 .1 ), Rabbit Hole Gap 
(4.3.2) and 'kopi' dunes further west (Section 4.3.3); calcrete ground (Section 4.4). The 
alluvial plain is described in Section 4.5; the piedmont reaches of the main creeks, 
namely, Derwent Creek, in Section 4.6, and Dashwood Creek in Section 4.7; more 
detailed descriptions of creekbank profiles that have been sampled for optical dating are 
provided in Section 4.8; and sheetwash deposits are briefly described in Section 4.9. A 
discussion of floodplain depositional environments is given in Section 4.10 and a brief 
overview of the regional dunefields is outlined in Section 4.11. The main aspects of the 
overall alluvial plain are summarised in Section 4.12. 
Information in the present chapter is pertinent to reconstructions of the Upper 
Quaternary palaeoenvironments in Chapter 5, and to an understanding of surface water 
and groundwater processes, described in Chapter 6. In particular, information about the 
piedmont and floodout zones is beneficial to understanding the dynamics of recharge of 
fresh intake waters to the groundwater system. Fluvial and aeolian sites, described in the 
present chapter, are pursued further in Chapter 8, where Optically Stimulated 
Luminescence (OSL) data from described units are presented. Chronological constraints 
for these major depositional episodes, with respect to both the evolution of Lake Lewis 
basin and with reference to other regions, are discussed further in Chapter 9. 
4.2. NAPPERBY DELTA 
Napperby Delta is the main conduit for inflow of surface waters to Lake Lewis, and 
floodings of both the creek and the adjacent eastern arm of the playa occur every few 
years (Sections 1.4.3, 3.3 and 6.6). Napperby Delta is a low-angle tract of distributary 
channels covering an area of 180 km2 between Stuart Bluff Range and Lake Lewis, as 
illustrated in Figure 4.1. The delta has many characteristics of an alluvial fan, although 
in the present thesis it is merely referred to as a delta. The upper part of the delta 
spreads southward from the Napperby Creek debouchment in Stuart Bluff Range. The 
modem confined creek channel is 120 m wide at the gap, indicative of large ephemeral 
discharges entering Lake Lewis basin from the northern catchments. Over a north-south 
distance of 17 km, the main Napperby Creek channel descends from approximately 575 
m (AHD) at the gap to near 552 m (AHD) at the delta toe (a gradient of 0.00135). The 
delta extends over an 11 km front, east-to-west, as it approaches Lake Lewis. The upper 
reaches of the alluvial tract are flanked by slopewash and sheetwash deposits spread on 
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the slopes south of Stuart Bluff Range. To the east, the middle fan reaches are flanked 
by an aeolian sand sheet of reddened quartz sand, with no dunes. Across the 
topographically flat lower area to the southeast, this sand mantle overlies calcrete 
ground (Fig. 4.1 ). 
Geomorphology 
For the most part, Napperby Delta is a fluvial tract. However, the furthest-downstream 
reaches, -2km wide north-to-south, are ephemerally submerged (shaded dark grey in 
Fig. 4.1 ). It is assumed that much of the geomorphology of the area from a few 
kilometres south of Tilmouth Well southwards, overlies palaeo-lakebeds of earlier 
Quaternary phases at Lake Lewis, as discussed in Chapter 5, and that many of the 
present-day features ofNapperby Delta are the result of pro gradation. 
Middle reaches of the delta plain, around Tilmouth Well, are characterised by claypans 
and distributary channels that, down-gradient, merge with shorelines related to episodic 
inundations of Lake Lewis (described in Section 3.3). The development of the delta is 
characterised by the transformation of distributary lobes into islands, and the sometimes 
submerged delta front is continuous with lake-shore terraces and is fringed by 
peninsulas and numerous near-shore islands. Lakeward, deltaic aprons are conspicuous 
in aerial photographs, depicted as dashed lines in Figure 4.1. Topographically, the 
aprons are at essentially the same level as the main playa surface and the discrimination 
is mainly compositional, the delta apron sediments being red clayey sand and the playa 
surface sediment being grey-brown clay. Both surfaces are within the capillary fringe of 
the water table and an efflorescent salt crust is continuous across the delta aprons and 
the main playa surface. The geomorphology of the delta front is strongly governed by 
groundwater processes and the erosion of dry sediments above the capillary fringe of 
the water table. Other geomorphic features in the playa environment surrounding the 
delta front are described in Section 3.2.1. 
The general setting and morphology ofNapperby Delta classifies it as a sheet delta in 
the scheme of Smoot and Lowenstein (1991) in which sheetflood and channel deposits 
grade into sheet deltas near an ephemeral lake margin. Sheet deltas are the dominant 
delta type in dry mudflat and saline mudflat settings and, in the latter case, deltaic 
sediments often have intrasediment evaporite crystal growths (Smoot and Lowenstein, 
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1991 ). It is apparent from the geomorphology of the area that there has been relatively 
abundant sediment supply from the north to nourish this major feature of Lake Lewis 
basin. 
Plate 4.1 is an oblique aerial view of distributary channels and salt pans of the lower 
part of Napperby Delta. The salt pans represent water logging on clayey flood plain 
surfaces between distributary channels following overbank flooding, with subsequent 
salt efflorescence as rainfall and floodwaters evaporate from the pans. Currently active 
deflation and aeolian deposition of salts across the delta area have been observed in this 
study, indicating that the local pans are substantial sources of salts. Episodically 
fluctuating water tables may also have introduced salts from the playa brine pool to the 
substrate of the delta area, adding to the near-surface solute load, with localised 
recycling of salts in the pans. Numerous dead or stricken River Red Gums (Eucalyptus 
cameldulesis) further up the delta, towards Tilmouth Well, indicate recent high water 
tables of saline groundwaters. There is no evidence of bushfires as an alternate cause of 
this widespread damage. Rare backflooding of lake waters over the flat delta area is 
possible during extreme lake-full conditions. The lower parts of the delta can be referred 
to as an area of ephemeral saline mudflats and claypans. 
Stratigraphy 
Drilling in Napperby Delta for the present study recovered 9.25 m of core from south of 
Tilmouth Well, the location is shown in Figure 4.1. The core stratigraphy is detailed in 
Figure 4.2, and a section of the core is illustrated in Plate 4.2. The uppermost 3.6 m of 
poorly consolidated sand, silt and clay represents flood alluvium, comprised of 
abundant quartz, mica and feldspar sourced from the Napperby Gneiss which numerous 
upper tributaries ofNapperby Creek incise, and from nearby exposed granite at the base 
of Stuart Bluff Range. These sediments typify the modem fluvial regime and at this 
locality the alluvium is probably less than a few thousand years old (see OSL data for 
near-surface Napperby Creek sediments, Section 8.3.4). Below 3.6 m, the sediments are 
profoundly overprinted with secondary minerals and are, for the most part, highly 
indurated. From 3.6 to 6.3 m depth are sandy clays, calcretised and silicified; the 
chemical overprints relate to fluctuating water tables. The original sediments in most of 
this interval are dominantly fluvial sandy clay. Both massive and nodular post-
depositional CaC03 is represented, where the nodules are up to 4 cm in diameter and 
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Plate 4.1. Distributary channels in the lower reaches of Napperby Delta floodplain 2 km 
north of Lake Lewis; flow to the lake is to the southwest (towards the top left). Halite 
effiorescence is widespread, a reflection of high groundwater tables near the discharge 
zone and/or ofbackflooding of saline ephemeral lakewaters and subsequent evaporation 
of shallow water in claypans following episodic flood events; vantage-point location 
marked with a curved-square symbol in Fig. 4.1. GR NAPPERBY 25 1470. 
Plate 4.2. Section of core 
from Napperby Delta drill-
hole; location shown in Fig. 
4.1. The quartz and feldspar 
rich fluviolacustrine sediment 
is composed of angular 
detrital grains in a greenish 
clay matrix with interlaminar 
partings, representing hybrid 
depositional conditions. The 
sediment bas subsequently 
been subject to intense 
diagenetic processes 
including kaolinitization, 
zeolitization, oxidation and 
induration. GR NAPPERBY 
251473. 
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commonly have opaline to chalcedonic to glassy silica cores ('S' in Fig. 4.2). An 
overprinted contact with grey-green lacustrine clay is recognised at 5.7 m depth, the 
latter sediment is described below. The sediment is not calcareous below 6.3 m depth, 
which suggests a lower limit to water table fluctuations during calcretisation periods. 
From 6.5 m to the base of the drill-core at 9.25 m depth, the sediments are distinctive, 
alternating greenish and red-brown clay layers enclosing angular quartz and pink 
feldspar sand grains, identical to the present-day bedload sediment in the main 
Napperby Creek channel. The layers rhythmically alternate every centimetre from 6.5 to 
7.75 m depth, beneath which the alternate layers are up to 2.5 cm thick. Angular quartz 
and feldspar grains vary from 0-40% of the sediment (Fig. 4.2). Primary sedimentary 
structures have largely been obliterated or obscured by post-depositional effects. Below 
6.5 m depth, the sediment also includes ablll1dant dark reddish-brown sub-spherical iron 
oxide (limonite-hrematite) stains, 0.5 to 1.0 cm in diameter (illustrated in Plate 7.9), 
which are attributed to post-depositional ferrolysis reactions, as described in Section 
7.5. Plate 4.2 illustrates part of the lower section of the core, at around 8.0 m depth, 
where greenish clay is dominant, embedded sand grains are subordinate, iron oxide 
mottling is absent, and laminar partings are conspicuous. The laminar partings have 
been kaolinitised (Plate 4.2). Numerous voids are present in the lower interval of the 
core, which may relate to former displacive gypsum crystals that have latterly dissolved. 
In many instances, the voids in the indurated sediment are infilled with relatively recent 
acicular gypsum (Plates 7.9 and 7.10, discussed further in Section 7.5). The presence of 
calcic and potassic zeolites is indicated by X-Ray Diffraction analysis of samples from 
the lower part of the core and may be widespread, although only a few portions of the 
core have been analysed. These zeolites are described in Sections 7.4.3 and 7.4.4. 
Depositional environments 
The hybrid sediments in the Napperby Delta drill-core are characteristic deltaic fluvial-
lacustrine successions, although with several distinctive features. The uppermost 5.75 m 
are fluvial clayey sands and sandy clays, whilst the lower 3.5 m (from 5.75 m to the end 
of the core at 9.25 m depth) are dominated by greenish lacustrine sandy clay that 
contain a close succession of reddish brown layers. The clays encase arkosic grains that 
suggest moderate flow energies bringing immature, poorly-sorted fluvial bedload sands 
into, or onto, the clayey lacustrine beds that had been deposited in relatively quiet, 
195 
Chapter 4. Playa surrounds and Alluvial Plain 
reducing waters in a subaqueous setting. The bottom of the core (Fig. 4.2) is at 
approximately 550.75 m (AHD), which is the elevation of the playa surface. The 
stratigraphic and topographic data suggest that the lowermost 3.5 m of deltaic sediments 
are probably deltaic equivalents of the 'Earlier Tilmouth palaeolake' (see discussions 
regarding the Tilmouth beds in Section 3 .2, and palaeolake reconstructions in Section 
5.3). Interplay between deposition in quiet subaqueous settings and higher energy 
influxes is indicated. Laminar partings may indicate cessation of flood events and 
subaerial exposure of the delta surface and subsequent deposition of flood deposits on 
dry mud surfaces, although they equally may be post-depositional structures along 
which kaolinitisation has occurred. Thus the Napperby core exhibits the intersection of 
fluvial and standing water sedimentation, or delta front deposition. Interplay between 
saline and fresh waters, and between reducing and oxidising conditions is also 
indicated. 
Complex, multi-phase and intense chemical overprinting has altered or obliterated 
sedimentary structures. In particular, CaC03 replacement of sediments around the 
inferred zone of water table fluctuation, 3.6 to 6.3 m depth, has proceeded from CaC03 
-saturated groundwaters in response to evaporative concentration, no doubt exacerbated 
by the porosity of overlying fluvial sediments. In turn, nodular CaC03 has been 
replaced by opaline to chalcedonic silica, precipitated from Si02 -saturated 
groundwaters. Below approximately 6.5 m depth, in the lacustrine sediments, greenish 
clay layers have been oxidised into numerous scattered limonitic-hrematitic spherules 
and laminar partings have become kaolinitised. These post-depositional effects are in 
response to variably oxidising and leaching conditions in the near-surface environment. 
Voids in the indurated lacustrine sediment suggest the former presence of displacive 
gypsum that may have been dissolved in dilute creek waters or relatively fresh 
groundwaters. Later infilling of the voids with freely-growing acicular gypsum crystals 
indicate precipitation from percolating CaS04·2H20 -saturated groundwaters. The 
complex diagenetic processes represented in the Napperby Delta sediments are 
described and discussed further in Chapter 7. 
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4.3. WESTERN LAKE LEWIS 
4.3.1. Lake Waudby 
Geomorphology 
The geomorphology of the area west of Lake Lewis, encompassing 'Lake Waudby' 
(unofficial name given in the present study) and Rabbit Hole Gap, is detailed in Figure 
4.3. Located 8 km south of Stuart Bluff Range, and covering an area of approximately 6 
km2, Lake Waudby is a satellite playa to Lake Lewis. Lake Waudby and numerous other 
small playas and salt pans are scattered across the western part of the lacustrine plain 
and are surrounded by sand plains, as illustrated in Plate 4.3. The playas generally have 
well-developed efflorescent salt crusts. Playa landforms are as described for Lake Lewis 
is Sections 3.2 and 3.3. The distribution of landforms in the Lake Waudby and 
surrounding area is further discussed in Section 5.3 with respect to relict contractional 
patterns relating to dismemberment of an antecedent palaeolake. 
Drainage channels flowing through Rabbit Hole and Wallaby gaps incise the 
northwestern part of the lacustrine plain and lead to the western arm of Lake Lewis (Fig. 
4.3). These entrenched channels intersect the shallow water table and have become 
groundwater seepage zones in the same manner as described in Section 3.3 with respect 
to the lower reach of Derwent Creek. Complex duneforms surround Lake Waudby 
including curved dunes paralleling the playa shore that are transverse to the easterly 
windflow direction, and linear east-west -trending parasitic dunes developed on top of 
the former. The highest dune in the basin, at >20 m high, abuts the eastern edge of Lake 
Waudby (Fig. 4.3). 
Stratigraphy 
Drilling into the western edge of Lake Waudby for the present project recovered 15.8 m 
of continuous core plus samples retrieved from each 0.5 m depth from auger fetches 
during solid augering of the underlying interval, 15.8 to 28 m depth. The drill-hole 
location is labelled in Figure 4.3 and the stratigraphic log is presented in Figure 4.4. The 
water table was at 0.7 m depth. The 15.8 m of continuous core were used for 
palaeomagnetic analysis, described in Section 8.2. 
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The uppermost 0.8 m represent modem playa sediments and, in both the core and playa 
pits, are dominated by gypsum, with interspersed clay layers. "Gypsum mush" layers 
are around 7 cm thick and are composed of sugar-textured gypsum, as illustrated in 
Plate 4.4. The gypsum crystals, to 3 mm diameter, are inclusion-free, straight-sided and 
tabular, equant along two axes and with a short third axis, and are commonly welded 
into aggregates. The disposition of the gypsum tablets is predominantly horizontal, with 
long axes lying parallel to bedding. The gypsum layer illustrated in Plate 4.4 is 
undergoing reduction to an amorphous sulphide mass. 
Clay strata in the Lake Waudby core from 0.8 m to almost 4 m depth are highly variable 
in colour although consistent in texture. The clays are interspersed with three sand 
layers, <7 cm thick (Fig. 4.4). This interval may be an equivalent of the Earlier 
Tilmouth beds. A continuous 24 m interval of Anmatyerre Clay is represented from 4 to 
28 m depth. Minor colour changes are present within the Lake Waudby core but there 
are no apparent erosional breaks. The clay is comparable to the Anmatyerre Clay facies 
from the eastern part of Lake Lewis described in Section 3.2.2, although the overall 
colour here tends towards yellow-brown rather than reddish-brown. Displacive gypsum 
is sparse. Post-depositional mottling of evenly-textured clay from brown to yellow 
brown is common throughout the clay column. 
Depositional environments 
The Anmatyerre Clay is represented by at least the lower 24 m of the Lake Waudby 
core. This substantial accumulation of brown clay indicates deposition in long-lasting 
perennial lake waters, as described in Section 3.2.2. It is inferred that the thick deposit 
of Anmatyerre Clay in both the East Lewis and Lake Waudby drill-holes extends 
beneath all the playas. The extent of the 'Anmatyerre palaeolake' represented by these 
deposits is discussed in Section 5.4. Mottling of the clay represents variable post-
depositional depletion and accumulation of Fe3+ and Fe2+ under variable redox 
conditions below the water table. Earlier Tilmouth beds may be represented in the 
overlying clay strata and reddish yellow sand layers in the interval 0.8 - 4 m. 
Modern playa sediments are represented by the uppermost 0.8 min the Lake Waudby 
core. The gypsum mush layers indicate subaqueous crystallisation in lake bottom brines. 
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Figure 4.3. Geomorphology of the western part of Lake Lewis, Lake Waudby and 
Rabbit Hole Gap area based on air photo interpretation. The labelled >20 m high sand 
dune southeast of Lake Waudby is the highest dune in the basin. Air photograph details: 
NT Government 1989 1:50 000 scale colour; Runs/Frames: 9/010, 10/193-195. 
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Plate 4.3. Oblique aerial view northward to Lake Waudby, middle right, and 
surrounding small playas; locations shown in Fig. 4.3. Stuart Bluff Range in the 
distance, with Rabbit Hole and Wallaby gaps visible. The lacustrine plain across 
the foreground comprises an aeolian sand blanket and salt pans. 
Plate 4.4. "Gypsum mush" at 40-60 cm depth in Lake Waudby, above the present-
day water table. The gypsum layer, composed of sugar-textured gypsum, is 
undergoing reduction to sulphides (dark grey amorphous material). The stubby 
prismatic gypsum crystals are inclusion-free, equant, and up to 3 mm in diameter, 
commonly crystallized in aggregates. The gypsum morphology and setting 
indicates lacustrine sub-aqueous precipitation in shallow CaS0 • .2H20 -
supersaturated brine rather than intrasedimentary, displacive crystallisation. GR 
MOUNT WEDGE 220474. 
201 

Chapter 4. Playa surrounds and Alluvial Plain 
Interaction between shallow lakewaters and a high, solute-laden water table is implied, 
to enable acquisition of Ca and S04 by superincumbent lakewaters during gypsum-
forming periods. The orientation of the tablets, with long axes lying parallel to bedding, 
may represent growth positions in brine at the lake bottom although some aggregates 
suggest upward growth into the brine from incipient crystals anchored to the substrate. 
The lake has not been subject to recurring dilute surface water inundation so the 
gypsum layers have been preserved rather than subject to in situ solution and 
reprecipitation. The high water table and confining moist clay layers may have 
preserved the gypsum deposits from being completely deflated upon evaporation of 
lakewaters. Lake Waudby, in effect, functions as an evaporating pond into which there 
is no major surface water influx. At 40-60 cm depth. the gypsum is undergoing 
reduction by means of bacterial agents, processes described in Section 7 .6. The presence 
of metastable iron sulphides, such as greigite (Fe3S4) and pyrrhotite (FeS), formed 
during reduction diagenesis in the lake setting, are indicated by palaeomagnetic data 
from the core (described in Section 8.2.2). 
4.3.2 Rabbit Hole Gap 
Rabbit Hole and Wallaby gaps are 2 km wide gaps in Stuart Bluff Range through which 
surface drainage channels flow southward into Lake Lewis basin from across the plains 
ofWitchetty basin. The bedrock range segments and the steeply incised gaps through 
the granite and quartzite are ancient landforms, possibly related to a Gondwanan 
landscape, as suggested in Section 2.4, that bears the influence of Alice Springs 
Orogenic structures, as described in Section 2.2.3. The cuesta crests rise to almost 100 
m above the gaps, which, at their lowest points, are at approximately 557 m (AHD) 
elevation. 
The geomorphology of the area is illustrated in Figure 4.3. Ephemeral drainage channels 
incised through the gaps intersect the water table and have become groundwater seeps. 
Chemical sediments accumulate in and around the channels, incorporated with 
slopewash sediments derived from the adjacent steep bedrock slopes and alluvium from 
the Witchetty basin surface. Broadened zones of calcrete converge on the gaps from the 
north, the calcrete supporting melaleuca shrubs (M. glomerata). These zones are 
interspersed with low-angle sheetwash slopes leading northward from the base of the 
Stuart Bluff Range cuestas; the sheetwash units support strongly banded mulga (Acacia 
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aneura) vegetation patterns and are surface water dominated geomorphic settings. Thus, 
two highly contrasting geomorphic systems are interspersed: southward-flowing 
shallow groundwaters that precipitate CaC03 on resurgence to the groundwater seepage 
zones in the gaps, and northward-flowing sheetwash units spread from the base of the 
northern cuesta slopes of the range. The respective zones are evenly-spaced along the 
northern side of the range (Fig. 4.3), their distinctive characteristics relating to the 
contrasting substrate chemistry, slope and hydrology of the zones. 
The stratigraphy of an auger hole sunk to 3.5 m depth in Rabbit Hole Gap is logged in 
Figure 4.5. The uppermost 1.7 m comprises calcareous and gypseous playa sediments, 
underlain by dull yellow-orange fine gypsum sand to 3.3 m depth- in which the 
capillary fringe above the water table, at 3 m depth, is intersected - bottoming in a dull 
yellow clay layer. The 3.5 m sequence is comparable with intervals of yellowish brown 
sandy clays intersected in the SLEADS drill-holes (NAP3, NAP4, NAP7 and NAP9) 
that are assigned as 'Earlier Tilmouth beds'. These sediments typify marginal parts of 
the playa environment, away from the depocentre and shoreward from the 'type locality' 
for the gypseous Latest Tilmouth beds that are exposed in the playa island pedestals. 
Other interpreted occurrences of 'Earlier Tilmouth beds' include the exposed pedestals at 
Causeway Bluff (Section 3.2.4), and possibly also the fluvial-lacustrine sediments 
Tanami Road quarry, although the latter are severely chemically overprinted (Section 
3.2.5). 
4.3.3. Kopi dunes and aeolian sand sheets 
Dunes composed of fine-grained gypsum have formed on the western part of the flat 
lacustrine plain, 15 km west of Lake Waudby. The location and geomorphology of the 
area is shown in Figure 4.6 and one of the dunes is illustrated in Plate 4.5. The 'kopi 
dunes' are located downwind from the array of small playas described in Section 4.3 .1. 
At least ten kopi dunes are identified in large-scale colour aerial photographs, readily 
discriminated from reddened quartz sand dunes further west. The gypsum is cream-
coloured and composed of comminuted, micro-crystalline to powdery gypsum. A 
veneer of slightly-hardened kopi crust mantles the deposits. The dunes extend up to 2 
km along an east-west strike and are less than a few metres high (Plate 4.5). The 
gypsum is believed to have been blown from scattered playas to the immediate east. The 
'gypsum mush' within the modem playa sediments of Lake Waudby, described in 
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Plate 4.5. Low kopi dune, foreground, beside Central Mount Wedge - Derwent 
track (location shown in Fig. 4.6), viewed westward along the dune strike towards 
Stuart Bluff Range. The kopi dunes are 2-3 m high and up to 2 km long, aligned E-
W to WNW-ESE. Spinifex (Triodia) and Bloodwoods (Eucalyptus terminalis) 
vegetate the area. GR MOUNT WEDGE 207476. 
Plate 4.6. Aeolian sand blanket across the western part of the palaeolacustrine 
plain; Derwent - Central Mount Wedge track (location shown in Fig. 4.6). 
Permeable sand drainage characteristics and a high water table favour 
establishment of dense Desert Oak (Allocasuarina decaisneana) vegetation. GR 
MOUNT WEDGE 207469. 
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Figure 4.5. Stratigraphic 
log for Rabbit Hole Gap 
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Figure 4.6. Air photograph interpretation of the area west of Lake Lewis, 40 km west of 
Tilmouth Well, showing the distribution of kopi dunes (stippled) downwind from the 
western playa system. The asterisk denotes the photographed kopi dune, Plate 4.5; the 
curved diamond symbol denotes the photograph site of the quartz sand plain, Plate 4.6. 
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Section 4.3 .1, is probably typical of such sources. The present-day finely comminuted 
texture of the dune gypsum material is probably a consequence of fragmentation of the 
gypsum crystals during aeolian transport and also of pedogenic wetting and drying 
processes. Petrographic evidence indicates some solution of the gypsum grain edges 
which has most likely occurred in situ due to percolating rainfall. 
South of the kopi dunefield, the lacustrine plain is thickly blanketed with deeply 
reddened aeolian quartz sand with low, stabilised dunes. This western sand blanket 
contrasts with the aeolian sand sheet flanking Napperby Delta, within the eastern part of 
the lacustrine plain, described in Section 4.2, in that it is densely vegetated with tall 
Desert Oak (Allocasuarina decaisneana), as illustrated in Plate 4.6. Large Desert Oaks 
in Lake Lewis basin are restricted to the western part of the lacustrine plain although the 
reasons for this are not fully known (G. Griffin, CSIRO, Alice Springs, pers. comm., 
1998; S. Morton, CSIRO, Canberra, pers. comm., 1998). The substantial thickness of 
aeolian sand, to 2 m, and its porosity, combined with the depth to water table of 5-10 m, 
and possibly the salinity range of the groundwater (5,000-10,000 mgL-1 TDS; Fig. 6.7), 
may be key factors favouring establishment of robust Desert Oak woodlands. The only 
other substantial occurrence of Desert Oaks, away from this western part of the basin, is 
noted from the sand sheet over the lacustrine plain beyond the floodout zone of 
Dashwood Creek, west of Browse Bore (labelled in Fig. 4.16). In the latter case the 
Desert Oak are sparse and immature, typically less than 2 min height. Other factors 
such as depth to water table, salinity range and aeolian sand cover are the same as in the 
western sand plain, so bushfire in recent decades may account for the diminutive Desert 
Oak here. 
4.4. CALCRETE GROUND 
Lake Lewis is surrounded by an approximately 10 km wide aureole of calcium 
carbonate, illustrated in Figures 4.7 and 4.8, termed the 'calcrete ground' regolith unit. 
The calcrete occupies the topographically low, flat-lying parts of the landscape and is 
well-exposed around the eastern and southeastern part of the playa and to the west and 
northwest. In the processed Landsat TM scene (Fig. 4.7) the calcrete has a distinctive 
pale blue colour which gives a high-albedo spectral signature. The surface is 
pockmarked and disrupted with karstic hollows (10-30 m diam.) and small, minor 
closed basins - resembling shallow dolines - indicate subsurface solution. The karstic 
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texture is even more pronounced in 1 :50,000 scale colour aerial photographs. The 
calcrete aureole corresponds approximately with the 560 m topographic contour. South 
of the playa, the aureole is covered with an aeolian sand sheet and to the north by 
sheetwash deposits fanning from Stuart Bluff Range (Fig. 4.8). The calcrete aureole 
largely delimits the 'lacustrine plain' sub-division of the basin physiography (as depicted 
in Fig. 1. 7) and coincides with the outer limit of a high water table, at a few to several 
metres beneath the ground surface (Fig. 6.3). 
The antiquity of the calcrete ground is conjectural. Calcification and silicification of 
fluvial-lacustrine sediments towards the close of the Tertiary was described and 
discussed in Section 2.5.2 with respect to the Hamilton Downs chalcedonic mesas and 
to more extensive expanses of silicified calcrete intersected to 12 m depth in water bores 
in the southeastern part of the basin. Analogies were drawn between these occurrences 
and the calcified and silicified Miocene-Pliocene Waite Formation that is widely 
distributed across plains near the central Australian ranges, and with the dolomitised 
and silicified Miocene Etadunna Formation in Lake Eyre Basin (Section 2.5.2 ). It is 
therefore possible that large volumes of the calcium carbonate at depth in Lake Lewis 
basin are of Miocene-Pliocene ages and that the exposed calcrete aureole is merely the 
most recent generation of widespread CaC03 precipitation in the basin. 
Geomorphology 
The exposed calcrete ground is karstic and has a very uneven surface, as illustrated in 
Plate 4. 7, with hummocky topography and a relief of up to two metres, although with 
some subterranean karstic hollows extending to several metres depth, to the water table 
at least. The calcrete ground is vegetated with either Melaleuca glomerata or blue 
mallee (Eucalyptus gamophylla), although the distributions of the two species tend not 
to overlap. In disorganised drainage lines that have been eroded into the calcrete 
surface, groves of Coolibah (Eucalyptus coolibah ssp. arida and E. microtheca), tap the 
high water table (Plate 4.8). The calcrete is porous and variably silicified, as described 
in Section 7.3, and functions as an aquifer (Section 6.3) that contains brackish 
groundwater (<2,000 mgL·1 TDS; Table 6.1) and probably separated from the 
underlying groundwater by a lacustrine clay aquitard. 
The exposed calcrete aureole is regarded as having precipitated from shallow 
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groundwaters during contractional palaeolake phases, when solutes were not being 
flushed from the basin (Chapter 5). The calcrete contains no traces of micro-fossils and 
is inorganic, formed by evaporative concentration around the basin centre. The aureole 
that is clearly defined in Figures 4.7 and 4.8 is underlain by up to eleven metres of 
calcrete. Plate 4.8 shows dynamited boulders of massive calcrete that were excavated in 
1994 to produce a water table 'dam' at Titra Well for drought relief in the southern part 
ofNapperby Station (Titra Well lies 5 km south of the southeastern arm ofLake Lewis; 
Figs. 4.8 and 4.9; Plate 4. 7). The water table here is 4.6 m deep. 
Stratigraphy 
Drilling into the calcrete ground in 1996 for the present project was carried out at three 
sites: at Titra Well, Napperby Station, and at Browse and Wilkie bores to the south, on 
Narwietooma Station. The locations of the drill-holes and the geomorphology of the 
area are illustrated on the inset map in Figure 4.9. Drilling at Titra Well, 400 m south of 
the dam (Plate 4. 7), recovered 12 m of continuous core. Drilling at Browse Bore, 10 km 
to the south, did not penetrate beyond 4 m depth (Figure 4.9). The uppermost 1.2 m in 
the Titra drill-hole comprises red silt alluvium with abundant pedogenic CaC03 nodules 
(Fig. 4.9). This surface layer is underlain by powdery CaC03 disseminated in the silt 
matrix, to 1.9 m depth. Beneath 2 m depth the original detrital sediments have been 
more thoroughly replaced by both CaC03 and Si02. Sub-horizontal voids, lined with 
silica films typify the interval from 3 to 5 m depth, around the water table, and clearly 
relate to solution of calcrete and silicification from ambient groundwaters at the water 
table. The mineralogy is described fully in Section 7.3. Beneath the zone of water table 
fluctuation, the degree and textures of overprinting of detrital sediment is variable, with 
silicification diminishing below 8 m depth. A sharp contact at 11. 7 m depth separates 
calcretised silt from underlying dense, dark reddish-brown Anmatyerre Clay (Fig. 4.9). 
The Wilkie drill-hole is 9 km south-southeast ofTitra Well. Reddened aeolian sand 
covers the area and sparse, minor dunes, approximately 1-2 m high, have developed 
from the sand blanket; the area is vegetated with blue mallee. The aeolian sand sheet is 
at least 1. 7 m thick. Underlying sand alluvium at this locality is derived from antecedent 
reaches of Dashwood Creek. The stratigraphy of the Wilkie drill-hole is logged in 
Figure 4.10. Unconsolidated red clayey silt from beneath the sand mantle to 4.2 m depth 
contains CaC03 nodules and sparse black pyrolusite (Mn02) stains. Clayey sands from 
210 
Figure 4.7. Processed Landsat TM image highlighting the calcrete aureole around Lake 
Lewis. Spectral unmixing processing of 6 non-thermal TM bands (Bierwirth, 1990). RED 
= clay, water, carbonate; GREEN= iron oxides; BLUE= quartz. Calcrete is represented by 
high albedo mauve reflectance= CaC03 and silica. Scale as below. 
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Figure 4.8. Extent of thick, contiguous calcrete outcrop and subcrop around Lake Lewis. 
The phreatic and vadose calcrete is concentrated in the topographically low, flat-lying 
parts of the landscape or, along the base of the northern cuesta slopes of Stuart Bluff 
Range, where resurging shallow groundwaters and surface waters have ponded. 
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Plate 4.7. Aerial view of calcrete ground around the southeastern part of Lake 
Lewis; location shown in Figs. 3.3 and 4.8. Titra Well, located 5 km south of the 
playa, has been dynamited from a karstic depression in the calcrete, to expose the 
high water table. GR NARWIETOOMA 246453. 
Plate 4.8. Massive phreatic calcrete that has been dynamited to form Titra Well, 
shown above. The Coolibah (Eucalyptus coolibah ssp. arida) grove exploits the 
high water table at 4.6 m below the ground surface. 
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4.2 to 6.4 m are intensely overprinted with CaC03, and with subordinate Si02. Alunite, 
K.Ah(S04)2(0H)6, has been identified by XRD analysis of a sample from 4.9 m depth, 
above the water table (described in detail in Section 7.8). Silica overprints dominate 
from 6.4 to 11.2 m depth. Textures are highly variable and commonly intricate, as 
represented in detailed auxiliary illustrations in Figure 4.10. The textures include 
multiple chemical overprints, replacement of CaC03 nodules with Si02, the presence of 
glassy, opaline and chalcedonic silica phases, and solution voids rimmed with 
alternating layers of Si02 and, rarely, with sparitic calcite (Plates 4.9 and 7.5). 
Silicification processes in Lake Lewis basin are described in detail in Section 7.3. A 
sharp contact between calcretised and silicified sediments and underlying reddish-
brown Anmatyerre Clay occurs at 11.22 m depth, illustrated in Plate 4.10. 
Dolomitisation of the CaC03 is negligible, as indicated by XRD analysis of the cores 
(Tables 7.1and7.2; Figs. 7.1 and 7.2; Section 7.3) and discussed in Section 6.7. 
Previous work on groundwater calcretes 
Previous work on groundwater calcrete in the Australian inland has been reported by 
Mann and Deutscher (1978), Carlisle et al. (1978), Carlisle (1983), Mann and Horwitz 
(1979), Arakel (1986), Arakel and McConchie (1982), Jacobson and Arakel (1987), 
Jacobson et al. (1988), Arakel et al. ( 1989) and Chen et al. ( 1988). 
Mann and Deutscher (1978) outlined the optimum conditions for formation of 
groundwater calcrete. These involve low rainfall, high evaporation, active weathering, 
low gradients, and high permeability of upper soil or sediment strata over large 
catchment areas. Butt et al. (1977) suggested that, in Western Australia, groundwater 
calcretes may preferentially occur in summer rainfall regions in contrast with the 
prevalence of pedogenic calcretes in winter rainfall zones - the latter associated with 
biological processes, specifically, the longer growing regime with consequent greater 
root respiration, evolution of C02 and higher carbonates in the soil moisture. However, 
with respect to regional variations in the distribution of calcretes, Anand et al. ( 1997) 
regard rainfall patterns as less important than the nature of and proximity to carbonate 
rocks, topography, drainage, infiltration rates and soil type. 
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SiO, 
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calcareous silt 
yellowish red (5YR5/8) non-calcareous sitty cloy 
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.. _.·::._ -.::: ._: 11 44 CoCO,. non-indurated 
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... 'r.-::':·.-,.:.i ~ (5YR3/6) calcoreous silt. non-induroted 
11 95 sharp contact ~--~ · dense dork reddish brown (5YR3/6) clay 
l 1 . 95 m TOTAL DEPTH ANMA1YERRE CLAY 
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sand sneet 
with 
blue mo/lee 
ond =·<-:· 
Desert Ook ;:. 
~ nodular colcrete 
h< //: ~ calcareous sitt 
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~ solution voids 
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h<: :::i.': ~ sand 
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BROWSE AUGER HOLE 
522° 01' 51" 
E 132° 28' 39' 
Ghost gum vegetation (f. popuanol 
m 
~n 
I 
unougerable 
red clayey sand 
denseCoCO, 
nodules in red 
clayey sand 
Figure 4.9. Geomorphology and location of drill-holes in the southern part of the calcrete 
aureole surrounding Lake Lewis, showing the sites of three ANU 1996 drill-holes: Titra, 
Browse and Wilkie; geomorphology legend as for Fig. 4_ 16. Stratigraphic columns for Titra 
and Browse drill-holes sho\l.m here, and for Wilkie drill-hole in Fig. 4 .10. 
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WILKIE DRILL-HOLE 
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Blue mallee (f. gomophylla) 
f: .. <:/i/J sand 
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dar1< red (2.5YR4/8) aeolian 'desert sand' 
(w0stenquorz). unconsolidated silicified ('s') calcrete 
porous ('o'), Mn-oxide ('m') 
dork red (2.5YR3/8) consolidated 
clayey sand layer 
solution voids 
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~depth 
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/ ~ 
dark red (2 .5YR4/8J clayey sand. unconsolidated. pedogenic 
CoCO, nodules and patches of Mn-oxide staining ('m' symbols) 
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I I 
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I ?P'-'O 
increasing density of Coco, nodules in pole brown matrix, CoCO, I 1 2P C5 D• 
nodules to >2 cm diam. 1 oc 
pronounced horizontal demarcation at 5.89 m from dull orange (5YR6/4) 0 
5.75 
matrix and grey. CoCO, nodules to very wMe multi-generational nodules , . • ~ 0 
in dull reddish brown (5YR5/4) matrix _____,. 0';"~ ~~ 
increased density of CoCO, nodules below 6.10 m, coalesced and c :!:. 5.92 
overgrown nodules in subordinate orange sandy matrix 
silicified calcrete ('s' symbols) below 6.43 m 
texture lost near present-day water table (7. 7 m): disaggregated CaCO, 
in orange clayey matriX 
7.74 - 8.24 m powdery white CaCO,. crumbly iJ 
increased porosity (open c ircles) - aquifer 
8 .40 · 8.45 m fretwork of glassy pale yellow SiO, cutting powdery CoCO, _____,. 
8.'5 · 8.68 m bvff<olou<od (10VR7/•J ~by COCO, MOO"d '> ci~ ~ 
yel!Ow SiO, fretwork rn & 8.42 
0.3 m of soft aumbly calcareous core lost from the 8.68 - 9.44 m ~ ~ : 
interval; 1he remainder of this core section highly siliceous 
9.44 · 9.66 m pronounced horizontali1y to textures. particularly SiO, bands ?: ~ :: :: <>. · ·: · .-. · · · .-·: 
9.67 - 10.27 mas above but increased porosity (open circles). all voids / -~-~0 9·40 
lined with clear. batryoidol SiO, rs' syrnbOls) ~;:~ 
l 0.27 - 10.80 m wholly white. very porous and silicified. Horizontal 
dissolution layers: up to 30% porosi!y (aquifer). solution voids lined with 
botryadal SiO, and spante 
- ·~ 
11 · · s .... _ -·- fu, sharp contact at 11.22 m between overlying Si-calcrete and underlying 
o s reddish brown (5YR3/6) to greenish (dull yeUow 2.5Y6/4) clay: 
l .22 ANMATYERRE CLAY 10.30 ~--~11.38 
11.38 m TOTAL DEPTH 
Figure 4.10. Wilkie drill-hole stratigraphy and CaCO) - Si02 textures. ANU 1996 drill-hole. 
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Calcretisation in Lake Lewis basin 
Calcretisation of flu vial and lacustrine sediments in Lake Lewis basin is considered in 
this section whereas silicification processes are examined in Chapter 7. Calcretisation 
appears not to be a major active process today. Whilst pedogenic carbonate nodules and 
glaebules are forming under present conditions in the vadose zone in various parts of 
the basin, and minor prismatic CaC03 currently crystallises in voids in silicified 
phreatic calcrete, most of the calcrete aureole appears to be a 'fossil' landform element. 
This is based on the karstic, indurated and silica-overprinted character of the aureole 
and on micro-textures in the pervasively dissolved micritic CaC03 (Section 7 .3.1; Plates 
7.5 and 7.6). 
Groundwater calcrete is produced at or near the water table from slow lateral movement 
of CaC03 -saturated groundwaters, commonly forming massive to nodular calcrete 
bodies several metres thick. At Lake Lewis, deposition of the calcrete aureole occurred 
from groundwater that flowed slowly towards a central lake, passing through and 
displacing the marginal Early Tilmouth beds. The salinity of the Tilmouth lakewaters 
during up-basin calcretisation is unknown but may have been brackish to saline, 
approaching the gypsum precipitation threshold in the depocentre during the latest 
Tilmouth phases. 
The average dissolved calcium concentration in rain water in Alice Springs is low, <2 
mgL-1 (Table 6.6). The quantities of dryfall calcium being blown into Lake Lewis basin 
as dust particles is unknown but it seems likely that windborne accessions may balance 
with losses of Ca to aeolian action by means of deflation of exposed calcrete ground and 
gypsum from the basin. The average dissolved calcium concentration in forty bores that 
represent "recharge waters" in the basin (Fig. 6.9) is 53 mgL-1, whilst the HCOJiCa ratio 
in these groundwaters is well above 1 (data from Table A4.2). Given that effective 
recharge is less than a few mm/pa, and that the estimated turnover time for replenishing 
groundwaters, from recharge to discharge, is a few thousand years (Section 6.8), the 
supply of Ca to the zones where groundwater calcrete is likely to precipitate is sluggish. 
Isotopic constraints on the sources of Ca in the Australian inland, based on 4°Caf2Ca 
ratios in gypsum by Chivas et al. (1988), indicate that radiogenic 4°Ca is derived from 
4
°K and that virtually all the Ca in the salt lake environments is derived from rock 
weathering. There are no major limestone sources and the contribution of the 
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Plate 4.10. Sharp horizontal 
contact between red-brown 
Anmatyerre Clay and massive 
phreatic calcrete, at 11.22 m 
depth in Wilkie drill-hole. 
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Plate 4.9. Calcretised sand at 
around 10.25 m depth in Wilkie 
drill core; location shown in 
Figs. 4.8 and 4.9; stratigraphic 
log detailed in Fig. 4.10. The 
original coarse detrital sands 
were probably deltaic sediments 
deposited in a palaeodelta of 
Dashwood Creek incised into 
Anmatyerre Clay (see Plate 
4.10, below). The calcrete has 
been partially silicified; the 
large void was a former CaC03 
nodule that has mostly been 
dissolved then lined with Si02 
and pristine sparite. GR 
NARWIETOOMA 249446. 
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Proterozoic Bitter Springs Formation in the Mereenie Valley floor (Section 2.2. l) to the 
chemistry of basin groundwaters appears to be negligible (Section 6.8). The main 
lithologies in the catchment that are moderately calcic are mafic arnphibolites and 
granulites (<12% CaO; Warren and Shaw, 1995), plus subordinate norites, in which 
plagioclase and pyroxene are potentially the greatest contributors of dissolved calcium 
to the groundwater system. The low rate of calcium input suggests slow rates of calcrete 
accumulation and possibly also periodic depletion of available calcium stores. Thus, the 
accumulation of 10-12 m of calcrete represents a long period or a series of calcretisation 
episodes during the Quaternary. 
It was emphasised, above, that most of the calcrete aureole surrounding Lake Lewis 
represents a palaeo-landforrn. The mode of occurrence suggests that it formed in flat-
lying sediments, mostly in Earlier Tilmouth beds and possibly during waning phases of 
the terminal Tilmouth palaeolake. This interpretation is pursued further in Section 5.3. 
Shallowing, solute-laden groundwaters and evaporative concentration were obviously 
driving forces promoting calcrete precipitation. The exposed calcrete ground is not in 
equilibrium with meteoric waters and has been subject to karstic solution processes for a 
considerable period of time up until the present. It is suggested that silicification takes 
over from calcretisation at the water table upon depletion of calcium stores, 
precipitating on and in the favoured host material, karstic calcrete. Both processes may 
proceed under similar climatic and hydrologic conditions, with the availability of 
cations determining the composition of chemical sedimentation. Latterly, silicification 
ofkarstic features in the calcrete has become a dominant process that is in equilibrium 
with present-day conditions, as described in detail in Section 7.3. 
4.5. ALLUVIAL PLAIN 
AGS Imagery 
Fieldwork within the alluvial plain was limited to reconnaissance level investigations 
because of the large area, 5,000 km2• Interpretation of airborne gamma-ray 
spectrometric (AGS) imagery enabled discrimination of constituent floodplains which, 
in the landscape, appear uniform and dominated by red clayey sands with mulga and 
spinifex vegetation. Figure 4.11 shows the AGS image with both the main bedrock 
lithologies of the mountain catchments and the floodplains labelled. 
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Selected floodplains are shown at enlarged scale in Figure 4.12 where their spatial 
relationship with hinterland provenance areas is apparent. In particular, the high-
potassium composition of sediments in the Redbank floodplain is discriminated by 
bright scarlet in the AGS image, emitting from detrital feldspar in the alluvium. Plate 
4.11 shows a typical outcrop of the Forty-five Augen Gneiss at Redbank Hill which 
consists oflarge K-feldspar crystals in a foliated mafic matrix. The provenance of the 
Redbank floodplain alluvium clearly relates to the au gen gneiss of Redbank Hill, with 
minor contributions from Hallem Creek draining granite (high K, Th and U). The 
potassic-rich alluvium making up the Redbank floodplain covers an area of 1250 km2. 
The Zeil floodplain is distinguished by a crimson AGS signature, reflecting a 
combination ofK-feldspar and uranium minerals, such as zircon and monazite, derived 
from the Mt Zeil felsic granulite. The Zeil floodplain is onlapped to the east by the 
Redbank floodplain and to the west by the Dashwood floodplain. The latter contains 
sediments that reflect a mixture of potassium and thorium and relates to the Glen Helen 
Me~amorphics in the ranges (with thorium being represented by the gamma-ray emitting 
daughter isotope 208Tl; Table 3.1). To the east, the Chapple-Hay floodplain is 
distinguished by a red-green signature. The red represents potassium in feldspar derived 
from felsic gneiss and granite in the northern ranges of the MacDonnell Ranges (Fig. 
4.11 ), which is drained by Charley Creek. The thorium is most likely complexed with 
Fe oxides-hydroxides in ferricrete nodules transported from further east, plus resistate 
minerals from the mafic metamorphics of the Mt Chapple and Mt Hay massifs. Derwent 
floodplain (Fig. 4.11) emits low gamma-radiation in all three radioelements, K, Th and 
U (brown signature in the AGS image), reflecting the quartz-rich composition of 
alluvium derived from the ancient sediments of the Amadeus Basin succession. 
Derwent and Dashwood floodplains (Fig. 4.11) were selected for geomorphologic and 
stratigraphic examination because they are the largest floodplains in the basin; 
descriptions follow in Sections 4.6 and 4.7, respectively. 
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Figure 4.11. AGS image enlargement from Fig. 1.7. Red= Potassium, Green= Thorium, 
Blue =Uranium. The overlay depicts creek channels in black or white lines, the main peaks 
as black or white triangles and the West MacDonnell divide as a black dotted line. The AGS 
data reveal distinct geochemical compositions for alluvium making up each floodplain 
across the basin, reflecting the contrasting bedrock lithologies of respective provenance 
areas. Migmatitic granite of Mt Zeil and augen gneiss of Redbank Hill contribute potassic 
sediment (red) to the Zeil and Redbank floodplains (enlarged in Fig. 4.12). Relatively high 
thorium (greenish) is present in alluvium sourced from mafic metamorphics of Mt Chapple 
and Mt Hay (Chapple-Hay floodplain) although this is mixed with potassium-rich sediment 
(red) derived, via Charley Creek, from quartzofeldspathic gneiss of the Chewings Range. To 
the east, high thorium (green) in alluvium of the Burt floodplain relates to iron-rich sediment 
sourced originally from weathered metamorphic bedrock and abundant ferricrete in the 
eastern and southern parts of Burt Plain. The extensive Derwent floodplain is characterised 
by low levels of all three radioelements (dark brown) which relates to the quartz-rich 
Amadeus Basin sediments of the large headwater catchment. Bright white AGS signatures 
correspond to exposed granite bedrock, the Teapot Granite Complex, that contains high 
levels of all three radioelements. Intense blue radiation signatures at Lake Lewis represents 
high uranium and U-series daughter products in lacustrine and playa sediments above the 
water table (enlarged in Fig. 3.24). Null gamma-radiation (black) is associated with the 
Heavitree and Vaughan Springs quartzite outcrops (labelled in Fig. 2.1 ). 
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132°30' 132°45' 
23°15' 
23°30' 
Figure 4.12. AGS image of the Mt Zeil - Redbank Hill area, enlarged from Fig. 4.11 . The 
seismic line is a thin black dashed line, all other symbols as for Fig. 4.11. The AGS data 
reveal highly potassic alluvium (red) being sourced from migmatitic granite of Mt Zeil and 
gneiss of Redbank Hill. The crimson red of the Zeil floodplain relates to higher uranium 
(blue) contents of the Mt Zeil granitic migmatite compared to the gneiss. Bright red alluvium 
of the Redbank floodplain reflects the K-feldspar rich mineralogy of the Forty-five Augen 
Gneiss of Redbank Hill (Plate 4.11 , below). 
Plate 4.11. Megacrysts of K-feldspar in Forty-five Augen Gneiss at Redbank Hill; the gneiss 
is named after the nearby No. 45 Bore (labelled in Fig. 4.12). GR AMBURLA 269405. 
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4.6. DERWENT CREEK 
Geomorphology 
The geomorphology of Derwent Creek and its floodplain is shown in Figure 4.13, 
interpreted from aerial photographs. The represented south-north distance, from the 
mountain valley to Lake Lewis, is 55 km; the maximum east-west extent of the 
floodplain is also approximately 55 km (Fig. 4.11 ). Plate 4.12 illustrates Derwent Creek 
and its adjacent floodplain in the vicinity of Thelma Bore (labelled in Fig. 4.13). The 
debouchment point, between Haast Bluff and Mt Heuglin, is 5 km wide (Fig. 4.13). 
Sheetwash deposits characterise the piedmont zone. The Derwent floodplain is 
dominated by disrupted dunefields and distributary channels. The dunefields are 
described in Section 4.11, and illustrated and named in Fig. 4.21. Claypans are 
numerous, particularly in interdunal corridors. A typical claypan of the northern reaches 
of the floodplain is illustrated in Plate 4.13. Lakeward, minor channels are incised 
across the lacustrine plain. The main Derwent channel flowing into Lake Lewis is 
illustrated in Plate 5.2 and described in Section 3.3. The floodplain geomorphology is 
dominated by sediments and landforms that relate to major flood events of the modern 
hydro logic regime, discussed below. 
Stratigraphy 
The stratigraphic log for borehole RN4755 (Fig. 4.14) is presented to underscore the 
extreme degree of erosional recycling of alluvium in the Derwent Creek debouchment 
point. This stratigraphy was described in Section 2.4.1 (Fig. 2.11) with respect to Late 
Permian spores present in black clay at 29 m depth. A total of29 m of alluviation at this 
vicinity represents 250 Ma of the geologic record. Whilst this is an atypical site, it 
nonetheless serves to emphasise the importance of recycling of alluvium in the 
piedmont channels. An ANU auger hole nearby failed to penetrate beyond pedogenic 
calcrete nodules at 10 m depth (Fig. 4.14). 
An auger hole through Bottom Bore claypan was aimed at examining interdunal flood 
deposits and the nature of the contact with underlying sediments. The stratigraphic log, 
shown in Figure 4.15, is dominated by reddish brown sandy clay, with sparse pedogenic 
calcrete nodules and some pebbles of diverse bedrock types. An indurated ferruginous 
227 
t 
N 
1 ·:_<"'··:-l 
It-=::·:::- I 
1~(071 
l'<r:v:/:;:J 
karstic calcrete ground 
dunes; crests dashed 
creeks; cloypans (dark grey); 
flood alluvium (white) 
slopewash; sheetwash; 
old alluvium 
I: : : : : I crystalline bedrock 
228 
0 
• waler bore 
® OSL sample site 
I 
0 5 km 
diamond near Thelma bore is the 
vantage-point for Plate 4.12. The 
OSL sample site (circled star) is 
described in Sections 4.8 and 8.3. 
Air photograph details: 
Commonwealth of Australia 1971, 
RC9, 1 :80 000 B & W; 
Hermannsburg sheet, 
Runs/Frames: 1/21 8, 2/202-205, 
3/ 107-110; Napperby sheet, 9/039. 
Plate 4.12. Derwent Creek floodplain, oblique aerial view looking southwards, 
upstream. Haast Bluff to the right, 15 km away; Mereenie Range of the Amadeus 
Basin in the distance. Vantage-point marked with a diamond in Fig. 4.13. Derwent 
Creek is lined with River Red Gums (Eucalyptus camaldulensis) and Ghost Gums 
(E. papuana). 
Plate 4.13. Claypan in the northern, distal reaches of Derwent Creek floodout, 
viewed to the west-northwest. Central Mount Wedge peak and adjacent ridges of 
Stuart Bluff Range are on the horizon. The claypan, typical of hundreds of similar 
claypans across the basin axis, occupies an interdunal corridor between dunes that 
are thickly vegetated with spinifex and acacia. The claypans are a legacy of 
ponding and evaporation of episodic floodwaters and are up-gradient from and 
perched above the level of influence of saline groundwaters. GR MOUNT 
WEDGE 219456. 
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Figure 4.14. Auger site near the Derwent Creek debouchment point, Haast Bluff. 
Geomorphology legend as for Figure 4.13. Water borehole RN4755 stratigraphy is from a 
1965 NT Natural Resources bore log (also shown in Fig. 2.11 and described in Section 
2.4.1). The nearby Derwent Creek OSL site (circled star) is described in Section 4.8 and in 
Chapter 8. The downstream kinks in the creek, to the north, (labelled) are described in 
Section 2.6. 
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layer was encountered at 19 m depth, at the bottom of the hole (Fig. 4.15). 
The objective of an auger hole through the crest of a red, linear quartz sand dune near 
Thelma Bore (Fig. 4.15) was to investigate the stratigraphic relationship between the 
dune and surrounding flood deposits of poorly consolidated, brown clayey sands. The 
dune, composed of uniform, reddened sand, was found to overlie gravels at 8 m depth. 
The gravels represent coarse, indurated alluvial fan deposits that commonly outcrop in 
the main channel banks (described further in Sections 4.7 and 4.8). Clearly, the dune 
was well-established prior to deposition of the onlapping modem flood alluvium. 
4. 7. DASHWOOD CREEK 
Geomorphology 
The geomorphology of Dashwood Creek and its floodplain is illustrated in Figure 4.16, 
interpreted from aerial photographs. The Dashwood Creek debouchment point, between 
Mt Zeil and Mt Heuglin, is 8 km wide. Low-angle sheetwash slopes and distributary 
drainage lines are widespread across the piedmont zone. Downstream, the Dashwood 
dunefield, covering an area of approximately 150 krn2, is small compared to the 
dunefield across the Derwent floodplain. The main Dashwood Creek channel cuts 
through the dunefield; dunes have been disrupted and interdunal claypans have formed 
along the main channel banks (Fig. 4.16). Lakeward, only minor channels of the lower 
reaches ofDashwood Creek cut across the sand blanket and calcrete ground of the 
lacustrine plain. The main interfluves, between Dashwood Creek and Derwent Creek to 
the west, and Charley Creek to the east, are characterised by red sheetwash sands and 
clays with mulga vegetation. 
Stratigraphy 
Figure 4.17 shows the piedmont reach of Dashwood Creek, near Mt Zeil. The main 
channel is deflected around bedrock outcrops, and small north-west trending dunes have 
influenced the flow of minor distributary drainage lines in the upper floodplain. Four 
auger holes, labelled 'A' to 'D', were drilled in the area to ascertain the nature of the 
contact between modem flood alluvium and underlying sediments (locations shown in 
Fig. 4.17; auger hole 'A' is also illustrated in Fig. 4.19). Sediment in the main channel 
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bed is dominantly white quartz gravel. The main creek channel here is densely-lined 
with large River Red Gums (Eucalyptus camaldulensis) and deciduous Bean tree or 
Batswing coral tree (Erythrina vespertilio). 
Auger hole 'A' was drilled through a flood terrace on the bank of the main Dashwood 
channel, where the terrace is 5 m above the channel bed (Fig. 4.19). The flood deposits 
comprise reddish brown, micaceous sand, silt and clay, with sparse calcium carbonate 
nodules and, rounded clasts of bedrock between 4 and 5 m depth (Fig. 4.17). Auger hole 
'B', located 1 km north of the main channel, near outcrops of gneiss, was drilled in a 
small distributary channel. The upper 4 metres comprise beige sand and gravel, 
underlain by 4.7 m of red sandy clay with sparse calcium carbonate nodules (Fig. 4.17). 
Auger hole 'C' was drilled 1 km further northeast, near a red sand dune (Fig. 4.17); the 
stratigraphic log is shown in Figure 4.18. The sediment is dominated by red clayey silt 
flood alluvium, with pebble clasts and pink sand between 2 and 3 .4 m depth. Below 
this, well-sorted red sands may relate to provenance from the nearby dune (Fig. 4.1 7). 
Auger hole 'D', 1.5 km to the northwest of 'C', was in the same distributary channel that 
auger hole 'B' was located in, although the site of auger hole 'D' is downstream from a 
dune that is transected by the channel, as illustrated in Figure 4.17. Brown clayey sand 
and subordinate gravel clasts overlie dense red clay that grades to red sand at around 2. 7 
m (Fig. 4.18), the latter probably locally sourced from the nearby upstream dune. Pink 
red sand and gravel is typical for the lower metres of auger hole 'D' (Fig. 4.18). 
Sediments in the auger holes appear to be poorly stratified, suggesting recycling and 
mixing of alluvium from different sources during deposition. Auger holes 'B', 'C' and 'D' 
are dominantly recycled flood alluvium, including locally transported red sand from 
nearby dunes, and only auger hole 'A' intersected the basal alluvial fan material. The 
stratigraphic relationships between modern flood alluvium and underlying consolidated 
gravelly sediment are illustrated schematically in Figure 4.19, with the auger hole 'A' 
situation represented in the upper profile. The basal conglomeratic alluvial fan material 
is variably clast-supported and matrix-supported, with the matrix dominated by deep 
red, moderately indurated clayey sand. The main Dashwood Creek channel is a 150 m 
wide, 5 m deep channel that has been incised into the basal gravelly sediment at this 
locality. The channel has been infilled with poorly consolidated brown clays, silts and 
sands and this modem flood alluvium has subsequently been incised to produce 
terraces. In places, the flood deposits are contained within the channel (top profile in 
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Figure 4.16. Geomorphology of Dashwood Creek showing the disposition of fluvial and 
aeolian units. OSL sites (circled stars) described in Sections 4.8 and 8.3. Air photograph 
details: Commonwealth of Australia 1971, RC9, 1:80 000 B & W; Hermannsburg sheet, 
Runs/Frames: 1/226, 2/ 195, 3/ 101-103, 4/43-46. 
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auger hole A is shown in Fig. 4.17. 
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Fig. 4.19) and, elsewhere, they overtop the channel bank (lower profile in Fig. 4.19) and 
spread across at least a few kilometres of the adjacent landscape, as indicated in the 
AGS imagery. The latter widespread flood alluvium is represented in auger hole 'B', 'C' 
and 'D', away from the main channel (Figs. 4.17 and 4.18). The old, basal alluvial fan 
material is, in places, exposed beneath the flood alluvium at the edge of the channel bed, 
as illustrated in the lower profile in Figure 4.19. 
4.8. CREEK BANK PROFILES: OSL SITES 
Channel banks in the three main creeks, Derwent, Dashwood and Napperby, were 
selected for sampling of modern flood alluvium for optical dating. The banks are briefly 
described here to aid the present objective of characterising the alluvial plain. More 
detailed descriptions, optically stimulated luminescence (OSL) analytical procedures 
and results are given in Section 8.3. The sites are designated with circled star symbols in 
respective geomorphic maps: Derwent Creek in Figures 4.13 and 4.14, Dashwood 
Creek in Figure 4.16, and N apperby Creek in Figure 4.1. Stratigraphic columns for the 
three sample sites are illustrated in Figure 4.20. 
The Derwent Creek OSL site profile, located immediately south of the Papunya Road 
(Fig. 4.13), exposes basal alluvial fan material above the creekbed in a setting similar to 
that illustrated in the lower profile in Figure 4.19. This reach of Derwent Creek is also 
represented in Plate 4.14, of the eastern bank near Bullocky Bore, 2 km upstream from 
the OSL site. The deep red gravelly, indurated alluvial fan sediment, which caontains 
abundant calcium carbonate glaebules, contrasts greatly with the overlying reddish 
brown flood deposits, as described in the stratigraphic column (Fig. 4.20). The latter are 
heterogeneous in both composition and sedimentary structures; erosional contacts 
between units are common; sediments include clays, silts, sands and gravels and often 
poorly sorted mixtures of these fractions. Clasts of diverse bedrock lithologies from the 
upper Derwent catchment are represented in the gravels. Petrographic descriptions of 
the sampled sediments are given in Table 8.2. 
The Dashwood Creek OSL site, near Kaditcha Bore (Fig. 4.16) includes creekbank 
fluvial deposits and a nearby regional quartz sand dune. The field relationships are 
illustrated in Figure 4.20: the dune is 100 m upstream from the sampled flood alluvium 
profile. The dune has been bisected by the main creek channel, exposing its core in the 
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creekbank. The downstream creekbank is illustrated in Plates 4.15 (a) and (b ); it is 
apparent that the reddened quartz dune sand has been mobilised and redeposited as 
conspicuous alluvial units. The petrography of the sampled sediments is given in Table 
8.2 and the dune sand is further described in Section 4.11. 
The Napperby Creek OSL sample site is in the bank of a distributary channel south of 
Tilmouth Well (location marked in Fig. 4.1 ). The bank is less than 2 m high and is 
distinguished by a high content of mica sand grains in brownish clayey silt and sand. 
The alluvium is well-bedded although poorly-consolidated. The sampled sediment is 
described in Table 8.2. 
4.9. SHEETW ASH DEPOSITS 
Unchannelled sheetwash alluvium is widespread along the low-gradient mountain front, 
from where the deposits merge with floodplain sediments that have been deposited from 
lateral overbank flow from the main channels and distributary channels. No distinct 
boundaries between the two types of overland deposition are evident in the landscape or 
in remotely sensed data. Intense rainfall and high runoff from bedrock mountain slopes 
can exceed infiltration rates at the base of the slopes, which, in turn, can promote 
sheetflow from the base of mountains and rapid delivery of water to the piedmont plain. 
In Lake Lewis basin, sheetwash alluvium typically comprises red clayey sands ('red 
earths') across the interfluves of the piedmont zone. The deposited alluvium supports 
mulga (Acacia aneura) groves that are sometimes contoured, orthogonal to the 
sheetflow direction to form 'patterned ground'. Intergroves are commonly bare with a 
crusted clay surface, supporting only sparse grass patches, along with termite mounds. 
The sheetwash unit is an ecological entity in which efficient microcatchments are 
created that concentrate episodic surface water and influxing nutrient resources that 
maximise plant growth (English, 1998). The intergroves are run-off zones and the 
groves are run-on zones where most of the rainwater is collected in an interception 
zone. The mechanism enhances infiltration and conservation of available water, with 
many physical and biological processes operating in tandem. These surface and near-
surface hydro logic processes are described further by English ( 1998), along with a 
review of the relevant literature on the soil and biological processes operating in the 
sheetwash system of central Australia. 
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circles, details on OSL dates are presented in Section 8.3. 
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Plate 4.14. Creek bank profile at Derwent Creek near Bullocky Bore (Fig. 4.14), 
showing the disconformable relationship between the deep-red, indurated basal alluvial 
fan sediment and the overlying succession of brown flood deposits. This profile is 2 km 
upstream from (south of) the Derwent Creek OSL site (circled star in Fig. 4.14). GR 
GLEN HELEN 203418. 
Plate 4.l 5(a). Creek bank profile at Dashwood Creek near Kaditcha Bore, location 
shown in Fig. 4.16; (b) Close-up of same profile, showing layers of red sand alluvium 
sourced directly from an intensely reddened sand dune 100 m upstream (Fig. 4.20 and 
Plate 4.16). OSL sample sites and numbers shown. Tree in (a) is a Batswing coral or 
Bean tree (Erythrina vespertilio). GR NARWIETOOMA 235428. 
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4.10. FLOODPLAIN DEPOSITIONAL ENVIRONMENTS 
Characterisation of the alluvial plain across the southern half of Lake Lewis basin 
follows on from Section 2.5 where the Neogene-Quaternary basin infill is described. 
The interpreted alluvial fan (and deltaic?) sediments, which are up to 100 m thick, and 
which probably fed the Anmatyerre palaeolake to the north (Fig. 2.18 b ), are the 
foundation on which the modem alluvial tracts and floodplains have developed. In large 
part, the Neogene-Pleistocene alluvial fans serve as sediment sources for the latter 
deposits. The rates of weathering and down wearing of crystalline bedrock in the ranges 
is slow. Estimates of present-day erosion rates of bedrock landforms in the MacDonnell 
Ranges, based on 10Be data, are around 1-8 m/Ma (Chappell, 2000), therefore, most of 
the sediment in the floodplains has been recycled from older alluvium rather than being 
derived directly from bedrock. 
The commonly coarse-grained, deeply weathered, uppermost alluvial fan deposits form 
a 'basement' to the strongly disconformable layers of modem alluvial deposits. 
Interpretations of aerial photographs (Figs. 4.13 and 4.16) and AGS imagery (Figs. 4.11 
and 4.12), combined with field mapping and drill-hole data, indicate that, apart from the 
dunefields, virtually the whole alluvial plain is blanketed with sediment that can be 
classified as modem flood alluvium, representing 70% of the alluvial plain. Only rarely 
does the gravelly deeply reddened and moderately indurated 'basement' of old alluvial 
fan material outcrop (e.g., Plate 4.18, described in Section 4.11). The modem flood 
alluvium includes sheetwash along the mountain fronts and floodplains that extend 
laterally and distally from the main drainage channels. 
Previous work on modem flood deposits in the piedmont plains of central Australia -
their magnitude, dynamics, geomorphic effects, frequency and chronology - has been 
documented by Baker et al. (1983), Pickup et al. (1988), Patton (1989), Pickup (1991), 
Patton et al. (1993), Grant (1994), Tooth (1997) and Bourke (1998). Deeply weathered 
alluvial deposits are a typical substrate for the floodplains in all cases. Episodic flood 
flow with widths up to several kilometres have been described by some of these 
workers, and it appears that the surface floodplain deposits are largely attributable to a 
few rare but extremely large flood events. Chronologies from investigations by the 
workers cited above are compared with age constraints for Lake Lewis basin fluvial 
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sediments in Section 9.2 of this thesis. 
The floodplains typically have active distributary channels bordered by flat alluvial 
surfaces, which, during extraordinary floods are covered with water to form shallow 
stream channels that anastomose about topographic highs and deposit thin veneers of 
alluvium (Patton, 1989). The distal reaches of the Derwent and Dashwood floodouts, 
which were not investigated by drilling in the present study, are characterised by thick, 
coarse-grained modern sediment units which mantle older, thinner, more fine-grained 
units (Patton, 1989). Deep burial of eucalypts along the banks of the floodout channels 
and complete filling of floodout distributary channels support a hypothesis of 
accelerated sediment production and deposition in these floodout systems (Patton, 
1989), most likely during extreme flood events. It is further suggested by Patton (1989) 
that the upper reaches of the floodplains are sediment sources for accelerated deposition 
of the modern flood regime by means of channel entrenchment and the remobilisation 
of older alluvial deposits. This conclusion is borne out in Figure 4.14, with respect to 
the magnitude of erosional recycling of ancient alluvium, and in Figure 4.19 and Plate 
4.14, with respect to channel entrenchment of old piedmont zone alluvium. 
It was noted by Pickup (1991) that classical floodplain models do not fit the 
contemporary floodplain systems of central Australia and the latter behave more like 
low-angle alluvial fans on which sediment accumulates every few thousand years by 
means of extraordinary floods. This interpretation appears to be applicable to the 
floodplains across the southern half of Lake Lewis basin, to Derwent and Dashwood 
floodplains in particular. The mountainous headwater catchments are large and 
floodplain deposits fanning northward from the debouchment points are spread out over 
thousands of square kilometres as the creeks change from a confined to an unconfined 
condition. In both cases, however, there is a distinct main channel and all other 
distributary channels are subordinate. Avulsion and channel switching in the low-
gradient plain is no doubt less common here than in higher-angle, conical alluvial fan 
settings. Notwithstanding the magnitude of occasional flood events in the modem 
hydrologic regime, the behaviour of the present-day floodplains is more muted than, for 
instance, inferred Late Tertiary processes in the alluvial plain (Section 2.5). During 
times of activity along the Redbank and Harry Creek thrust zones, with possible uplift 
of the MacDonnell Ranges and/or downwarping of Lake Lewis basin to the north, 
adequate vertical relief and abundant sediment supplies may have generated archetypal 
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alluvial fans (e.g., Fig. 2.18 b) and these possibly coalesced as single piedmont 
sedimentary aprons along the mountain front. Thus, the contemporary systems are 
regarded as hybrid, functioning as alluvial fans and as singular main creek channels 
with fan-shaped floodplains emanating from the debouchment points. 
In the floodplain classification scheme ofNanson and Croke (1992), the Lake Lewis 
basin floodplains are classed as 'A3 type': unconfined vertical accretion sandy 
floodplains that are characteristic of semi-arid open environments and high energy 
stream power. Erosional and depositional processes typically involve catastrophic 
channel widening, overbank vertical accretion and abandoned-channel accretion to 
produce flat floodplain landforms (Nanson and Croke, 1992). These are disequilibrium 
landforms that erode as a result of infrequent extreme rainfall events, such as those in 
the historical record, Section 1.4.3 (see also Fig. 1.10), and associated floodings of the 
playa that are described and discussed in Section 3.6 and 6.6. Sedimentation in the 
floodplains involves interbedded sandy units with mud veneers, and erosion is by 
channel systems, such as illustrated in Figures 4.13 and 4.16, that can extend over tens 
of kilometres. 
4.11. REGIONAL DUNEFIELDS AND PRESENT-DAY AEOLIAN ACTIVITY 
Regional linear dunes 
Linear sand dunes cover approximately 30% of the area of Lake Lewis basin and are 
located along the basin axis, becoming more common westward. Within the continent-
scale anticlockwise dunefield whorl (Fig. I.lb) the dunefields are located on the east-
west trending northern arm, following the tum-around locus north of the Simpson 
Desert. Two main dunefields dominate the alluvial plain of Lake Lewis basin, Derwent 
and Dashwood dunefields, as illustrated in Figure 4.21. Sparse dunes also lie across the 
northern part of Burt Basin, labelled Burt Dunefield (Fig. 4.21). A distinctive dunefield 
oflarge, broadly-spaced, east-west trending dunes located between the Western 
Inselberg and Stuart Bluff Range (Fig. 4.21) is described in Section 5.3. The linear 
dunefields in Lake Lewis basin all lie outside the 560 m (AHD) topographic contour; 
none encroach the low, flat lacustrine plain below 560 m elevation. For the most part, 
the dunefields also lie outside the 570 m (AHD) topographic contour. This may relate to 
a number of factors, including the fact that the supply of sand has dominantly been from 
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up-basin sources located above 560-570 m elevation. The possibility that the dunefields 
may have been 'trimmed' by lakewaters that lapped the 560 m topographic contour is 
also considered in Chapter 5. An aeolian sand sheet, 0.5-2 m thick, mantles the 
lacustrine plain lakeward from the 570 m topographic contour. A sand sheet also 
overlies much of Burt Plain. 
The dune trends are east-west or slightly WNW-ESE, consistent with the present-day 
dominant easterly-to-southeasterly windflow associated with the Trades (Fig. 1.11 ). It is 
likely that east-west funnelling between the MacDonnell and Stuart Bluff ranges has 
also influenced dune orientations. Converging dune Y-junctions are sparse in the study 
area but, where present, they substantiate that formative windflow directions parallel the 
present-day dominant east-southeasterly wind directions. 
The dunes are less than 5 km in length. The dune lengths are short compared to the 
great lengths of linear dunes of the Simpson Desert which commonly exceed 100 km. 
This is attributable to interruption of the Lake Lewis basin dunefields by active 
drainages that are transverse to the dune trend. To the west, however, between Lake 
Lewis basin and Lake Mackay on the WA border, east-west orientated linear dunes 
extend to 50 km lengths because of the lack of disruption along the 300 km 
topographically low zone. The Lake Lewis basin linear dunes are up to 200 m wide with 
interdune spacing, similarly of the order of 200 m. Dunes heights range from six to nine 
metres although thick deposits of modem floodplain sediments commonly lap the bases 
of the dunes, obscuring their full heights (e.g., Fig. 4.15). The dunefields were once 
more integrated than now and are currently being degraded in the face of episodic 
fluvial activity, as illustrated in Figures 4.13 and 4.16, and described in Sections 4.6 and 
4.7. For the most part, the dunes are stabilised with vegetation and/or the degree of 
windiness is insufficient to remobilise and rebuild the duneforms. Only in the 
immediate playa setting are dunes mobile to any degree, as described in Section 3.4. 
The regional dunes are symmetrical in cross-section normal to their linear trend. They 
generally have singular rounded crests. Crests in the long linear dunes leading to Lake 
Mackay west of the study area have complex forms, with numerous blow-outs plus 
feathered edges that contrast with the simple morphology of the Lake Lewis basin 
dunes. 
The linear dunes lie downwind from piedmont alluvial fans and associated 
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superincumbent floodplains. Likewise, the broad sandplain across the centre of Burt 
Plain lies downwind from extensive piedmont fans around the southern and eastern 
edges of Burt Plain. The AGS image in Figure 4.11, which discriminates individual 
floodplains by virtue of the contrasting mineralogy ofrespective provenance areas 
(Section 4.5), suggests that each dunefield is mineralogically indistinguishable from its 
adjacent floodplain. Thus, even though the resolution of the AGS image (250 m2 grid) 
does not discriminate individual dunes (except the thorium-rich swales across the 
northern Burt Plain), the consistent gamma-ray signature indicates that no exotic aeolian 
sand deposits are present in the alluvial plain. For example, if the Dashwood dunefield 
was composed of pure quartz sand dunes (derived from the Simpson Desert, for 
instance), a null (black) AGS signature would register within the dominantly potassic-
rich (red) alluvium. It was previously established that the dunes predate the modern 
flood deposits and overlie coarse-grained alluvial fan sediments (Fig. 4.15; Sections 4.6 
and 4.7). It was also established that the modern flood alluvium is composed 
dominantly of recycled material from precursor alluvial fans (Section 4.10). Therefore, 
the AGS signatures for the surficial alluvium serves as a proxy for underlying and up-
gradient alluvial fan material. The provenance of the dunes is taken to have been local 
alluvial fan sediments, with little input from further afield, apart from some dust 
influxes, and the basin appears to be largely a closed aeolian system. 
The Lake Lewis basin linear dunes are intensely reddened, attaining the highest red hues 
on the Munsell Soil Colour chart. Typically, the dunes have a hue of 1 OR and 
value/chroma levels of 4/8. Diagenetic processes leading to the reddening of dune sands 
are described in Section 7.5. Plate 4.16 shows the exposed core of a deeply red linear 
dune that has been breached by Dashwood Creek, the field relations for which are 
described in Section 4.8, and the location and geomorphology illustrated in Figure 4.16. 
No bedding or other internal structures are apparent in the dune. Plate 4.17 is a 
photomicrograph of sand from the core of the illustrated Dash wood dune. The sand 
comprises poorly sorted, subangular grains of quartz (including strained quartz), 
feldspar, zircon, tourmaline and iron oxides, sometimes pseudomorphed after garnet. 
The assemblage indicates an original provenance from the Teapot Complex Granite, 
gneisses and cataclastic zones in the upper Dashwood Creek catchment. 
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Figure 4.21. Dunefields map interpreted from processed Landsat TM and Airborne gamma-ray spectrometric imagery. Selected topographic contours 
are shown as thin dashed lines (contours >580 m AHO and contours west of 132° E not shown). 
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Plate 4.16. Red quartz sand 
dune, near Kaditcha Bore in 
the Dashwood dunefield, 
where floodwaters have 
breached the dune to 
expose its core; OSL 
sample site 95019 shown 
(described further in 
Section 8.3). The dune is 
located 100 m upstream 
from the creekbank deposits 
shown in Plate 4.15; local 
field relationships are 
illustrated in Fig. 4.20. GR 
NARWIETOOMA 235428. 
Plate 4.17. Thin-section 
photograph of reddened 
dune sand from the 
Dashwood dune, above; 
plane polarised light. Sand 
grains are immature, poorly 
sorted and sub-angular, 
indicating limited transport. 
Hrematitic argillan coating 
is well-developed on all 
grains. 

Plate 4.18. Winnowed, scoured piedmont pan in the alluvial plain abutting the northern 
flanks of Mt Chapple. The mostly bare pan is floored with old alluvial fan sediment and 
is strewn with gravel lag whilst clay, silt and fine sand have been removed by aeolian 
action. GR NARWIETOOMA 263428. 
Plate 4.19. Typical dust plumes over the piedmont zone where poorly-consolidated fine-
grained sheetwash and floodplain sediments are readily available for aeolian transport, 
particularly where Mitchell grass (Astrebla pectinata) cover is heavily grazed. 
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Present-day aeolian activity 
The present day wind intensities are insufficient to remobilise or rework the regional 
sand dunes. Apart from minor reworking of the shoreline dunes adjacent to the playa, 
described in Section 3.4, contemporary aeolian activity mainly involves dust storms and 
removal of silt-size sediment particles from unvegetated parts of the alluvial plain. Dust 
storms are most prevalent during drought periods or where there has been overgrazing. 
In the piedmont zone, exposed coarse-grained alluvial fan material is a common source 
area, such as the 'gravel pan' illustrated in Plate 4.18. Such areas do not support 
stabilising mulga and spinifex cover and are apparently more prone to deflation than 
modem floodplain sediments. The residual pebbles and rock fragments are wind-
polished and fine sand, silt and clay particles have been removed, leaving the 
accumulation of gravel on the surface as lag deposits. Clay pans are also common 
deflation surfaces and sources areas for aeolian dust across the middle reaches of the 
floodplains, especially where cattle have broken up the surface crusts. Typical dust 
plumes of the piedmont plain are illustrated in Plate 4.19. White dust plumes have also 
been observed during the course of the present study rising 100 m above Lake Lewis, 
presumably composed of efflorescent salts lifted from dried areas of the playa surface. 
The present-day minimal aeolian activity underscores the fact that the intensity of 
windiness that prevailed during formation of the regional sand dunes must have been 
much greater than that of today, and probably also implies that vegetation cover across 
the basin was more sparse then than it is today. 
4.12. SUMMARY 
• The Lake Lewis playa environment covers only 10% of the area of the basin. The 
remainder is represented by the lacustrine plain and the alluvial plain, both of which 
preserve landforms and strata from earlier phases in the evolution of the basin as 
well as widespread modem sediments and landforms. 
• Napperby Delta is the main conduit for inflow of surface waters to Lake Lewis. The 
low-angle tract of distributary channels has many characteristics of an alluvial fan, 
with only a subordinate delta front - delta apron zone that is ephemerally 
subaqueous. Sheetflood and channel deposits grade into a sheet delta near the 
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ephemeral lake margin, where erosional groundwater processes influence the 
geomorphology of the delta front. 
• The delta stratigraphy comprises modem flood sediments from Napperby Creek 
overlying distinctive, rhythmically-alternating greenish and red-brown clay layers 
encasing coarse, immature sand grains. The latter indicate interplay between 
deposition in quiet subaqueous settings and higher energy influxes of bedload grains 
onto mud surfaces. The deltaic sediments are interpreted as correlative with the 
'Earlier Tilmouth beds'. Primary sedimentary structures are obscured by intense, 
multiple diagenetic overprints, including calcification, silicification, kaolinitisation, 
ferrolysis and zeolitization. 
• Lake Waudby is a satellite playa west of Lake Lewis which has no substantial 
inflowing creeks. The uppermost 0.8 m of sediment in the playa is dominated by 
"gypsum mush" that represents subaqueous crystallisation from calcium sulphate 
saturated lake brines. An underlying heterogeneous clayey interval, 0.8 to 4 m 
depth, with sand layers, may be equivalent to the Earlier Tilmouth beds, beneath 
which are 24 m of Anmatyerre Clay. 
• An auger hole in Rabbit Hole Gap, Stuart Bluff Range, intersected Earlier Tilmouth 
beds, indicating that the 'Tilmouth palaeolake' extended through gaps in the range 
and that the highstand level was close to 560 m (ARD). 
• Thus, Earlier Tilmouth beds are recognised at widespread localities across the 
lacustrine plain, including sites described in Chapter 3 (Causeway Bluff, Tanami 
Road quarry and the SLEADS drill-cores), as well as in Napperby Delta and Rabbit 
Hole Gap, and possibly at Lake Waudby (this chapter). Heterogeneous sediments 
are represented, ranging from olive-green saline sandy clay at Causeway Bluff, to 
orange sands and dull yellow clays at Rabbit Hole Gap, to variegated clay strata 
with interspersed sand layers at Lake Waudby, and rhythmically alternating green 
and brown fluvial-lacustrine layers in Napperby Delta. The contrasts are attributable 
to different lacustrine and deltaic depositional episodes spanning possibly a long 
period of time and fluctuating climatic and hydro logic conditions, as suggested in 
Chapter 3 and discussed further in Chapter 9. Contemporaneous but contrasting 
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facies, deposited in envirorunents ranging from the lake depocentre to marginal 
settings, are also indicated. Post-depositional overprinting of the Earlier Tilmouth 
beds complicates comparisons and correlations between sites. The 'Latest Tilmouth 
beds' are not represented shoreward in the lacustrine plain and are only recognised 
in the depocentre, relict in playa island pedestals (Chapter 3). 
• Heterogeneous aeolian deposits are widespread in the western, downwind part of the 
lacustrine plain. These include low kopi dunes, large red quartz sand dunes and 
thick, red quartz sand sheets 
• Lake Lewis is surrounded by a 10 km wide aureole of calcrete (CaC03), termed 
'calcrete ground'. The calcrete is karstic and is undergoing silicification. The CaC03 
precipitated in the Earlier Tilmouth beds, most likely as the palaeolake contracted. 
Earlier generations of calcrete appear to have been associated with the Arunatyerre 
palaeolake and possibly also with Miocene-Pliocene fluvial-lacustrine sediments. 
Up to 12 m of calcrete have accumulated within the lacustrine plain. 
• Airborne gamma-ray spectrometric (AGS) imagery clearly distinguishes individual 
floodplains across the alluvial plain of Lake Lewis basin on the basis of the 
contrasting mineral composition of alluvium sourced from different bedrock types 
in headwater catchments. 
• The geomorphology of Derwent and Dashwood creeks and their floodplains is 
dominated by dunefields that are severely disrupted by distributary channels and 
floodplain deposits fanning from the debouchments points. Floodplain sediment 
comprises recycled material from piedmont alluvial fans, along with dune sand that 
has been cannibalized and reworked in flood alluvium. 
• Older alluvial fan deposits are commonly entrenched and are disconformably 
overlain by modem flood sediments. Regional linear sand dunes are onlapped by 
modern flood alluvium, indicating that the dunefields were well-established before 
the onset of the modern hydrologic regime of sporadic high-magnitude flood events. 
Unchannelled sheetwash alluvium typifies modem mountain front sedimentation. 
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• Regional linear d~nes cover approximately 30% of the basin and are concentrated in 
two dunefields, the Derwent and Dashwood dunefields. Dune trends are east-west to 
WNW-ESE, parallel to the trajectories of the Trade Winds, although some 
deflection of the dunes is indicated due to the presence of the ranges. The dunes are 
short because of disruption by floodwaters, they are synunetrical in cross-section, 
and intensely reddened. Source areas for the linear dune sands were adjacent alluvial 
fans, and both the dunes and the precursor alluvium fingerprint original provenance 
from distinctive bedrock types in the headwater catchments. 
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5.1. INTRODUCTION 
The aim of this chapter is to develop a picture of the Quaternary palaeolake systems for 
Lake Lewis that best accommodates the information from the various sites in the 
lacustrine and alluvial plains described in Chapters 3 and 4. Regional-scale observations 
obtained from low-flying aircraft surveillance, aerial photographs, satellite imagery, 
digital elevation data and airborne gamma-ray spectrometry (AGS) are used here to 
integrate the information from individual sites across the basin. The objective is 
twofold: to provide a coherent framework for the numerous landforms, profiles and 
drill-cores, and to use both the detailed and synoptic data for understanding 
palaeohydrologic and palaeoclimatic conditions. 
In Section 1.4.4. Lake Lewis is grouped with other monsoon-watered lake systems, 
lakes Eyre, Gregory, Woods, Buchanan and Galilee, on the basis of its catchment area -
lake area ratio and climatic parameters (Fig. 1.13). These other lakes scattered across 
northern and central Australia are termed 'amplifier lake basins' by Bowler ( 1981; 
1986), i.e., lakes that have large drainage systems that respond markedly to hydrologic 
and climate change and which can change from an ephemeral to a persistent lake -
crossing the hydrologic threshold (Fig. 1.13) - with only a moderate increase in rainfall. 
These lakes exhibit greatly enlarged ancient shorelines that are testimony to large 
expansions of the lake areas in the past and to efficient drainage systems (Bowler, 1981; 
1986; Bowler et al., 1989; in press). Similarly, Lake Eyre is surrounded by greatly 
expanded ancient shorelines and it classifies as an amplifier lake, reflecting the 
enormous magnitude of its catchment area even though much of the drainage system is 
inefficient. 
In terms of its high catchment - lake area ratio (Fig. 1.8), and its responsiveness to 
major rainfall events (Section 1.4.3.; Fig. 1.13), Lake Lewis is grouped with the 
'amplifier' lake systems. Much larger palaeolake expansions in the past are therefore 
expected to have been important phases in the evolution of Lake Lewis although ancient 
shoreline features have not previously been identified in the area. This chapter describes 
research and findings pertaining to past lacustrine conditions at Lake Lewis. 
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5.2. FIELD INVESTIGATIONS 
In the light of the hydro logic parameters at Lake Lewis indicating that it is an amplifier 
lake, an aim of the study was to identify remnants of expanded palaeolake stages. These 
features are camouflaged by dunefields, extensive calcrete deposits and modem 
floodplain sediments, described in Sections 4.11, 4.4 and 4.5, respectively. Access is 
also difficult, particularly in the western area of the basin. Notwithstanding, large parts 
of the basin surrounding the lake are not obscured by dunes, calcrete and floodplains 
and it readily became apparent that the flat landscape within approximately 10 km of the 
playa, with its distinctive regolith and vegetation cover, is a palaeo-lakebed. This 
landscape is particularly well-exposed southwest of the playa as illustrated in Plates 5.1 
and 5.2. The lacustrine plain has a dominantly grey-green to dull yellow sandy clay 
substrate, is commonly calcretised and/or has an aeolian sand blanket, and is 
characterised by stunted vegetation species that have a moderate salt tolerance such\as 
melaleuca, grevillea and acacia (Plate 5. l ). Channels of distal reaches of major creeks 
are entrenched across the flat palaeo-lakebed (e.g., Plate 5.2). The development of such 
channels post-dates major contraction of the lake and was a response to resumed fluvial 
flow, lowered base-levels lakeward after exposure of the more ancient lakebed, and 
pro gradation of the creeks. The flat, topographically low lacustrine plain around the 
eastern and southeastern margins of Lake Lewis, in particular, clearly corresponds with 
the broad calcrete aureole described in Section 4.4 and illustrated in Figure 4.7. 
The greyish sandy clay of the palaeolacustrine plain is equated with the Early Tilmouth 
beds, recognised at Causeway Bluff (Section 3.2.4; Plate 3.6). These sediments are 
commonly calcretised around the Lake Lewis margin. Thus, the lacustrine plain within 
the 560 m contour is considered to have been the bed of a relatively shallow lake, with 
its shoreline at approximately 560 m AHD. This is referred to as the 'Tilmouth 
palaeolake' and its configuration is described further below. This is the last major 
persistent lake recognised at Lake Lewis. The outer perimeter of the palaeo-lakebed is 
overlapped by modem floodplain deposits of major creeks flowing lakeward. Regional 
dunefields (Section 4.9; Fig. 4.21) do not encroach the lacustrine plain within the 560 m 
contour, suggesting that their establishment may pre-date the Tilmouth palaeolake. 
At Rabbit Hole Gap northwest of Lake Lewis (Fig. 4.3), yellowish sandy clay is present 
beneath surficial playa sediments in an incised channel (stratigraphic log, Fig. 4.5; 
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Plate 5.1. The flat Early Tilmouth lakebed within the 560 m (AHD) topographic 
contour west of Lake Lewis. Location on the Central Mount Wedge - Derwent station 
boundary. The water table is sufficiently low to enable the lakebed to become 
vegetated but too elevated and too saline for large trees such as eucalypts to become 
established. The lake bed here supports stunted Melaleuca, Grevillea and Acacia 
shrubs. Cuestas of Stuart Bluff Range visible on the distant northern horizon. GR 
MOUNT WEDGE 223603. 
Plate 5.2. Oblique aerial view to the northeast over the palaeolacustrine plain. The 
lower Derwent Creek channel in the foreground has been incised into the Early 
Tilmouth lakebed. Groundwater outcrops in the channel floor. The incised channel in 
this vicinity is mapped in full in Figure 3.16. 
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Section 4.3.2.). The dull yellow sandy clay here is similar to the Early Tilmouth beds at 
the base of Causeway Bluff (e.g., Plate 3 .6) and in boreholes elsewhere within the 
palaeolacustrine plain. The Tilmouth palaeolake is inferred to have lapped northward 
through Rabbit Hole Gap, depositing clay in a constricted northern portion of the lake. 
Lakewater within the gap was probably very shallow as no evidence of wave erosion 
was seen on the adjacent bedrock slopes. The elevation of Rabbit Hole Gap between 
steep bedrock cuestas of Stuart Bluff Range is around 560 m AHD. This point helps 
constrain the highstand of the Tilmouth palaeolake to near 560 m and is discussed 
below. 
5.3. REMOTELY SENSED DATA INTERPRETATION 
Interpretation of the extent and configuration of the Tilmouth palaeolake and associated 
palaeodrainage systems relies on remotely sensed data sets, namely, aerial photography, 
processed Landsat TM and Airborne Gamma-ray Spectrometric (AGS) imagery, and 
digital elevation data. 
Tilmouth palaeolake contractional landforms 
Colour 1 :50,000 scale aerial photographs of the area immediately west of Lake Lewis 
playa reveal a series of arcuate landforms, or suites of landforms, including small 
playas, minor drainage lines and large dunes that, in plan view, are concentrically 
curved (Fig. 5.1). These concentric features are nested within the 560 m contour and are 
interpreted as legacies of palaeo-shorelines of an ancestral lake. They contrast with 
strandlines that are irregular and parallel the groundwater-induced serrated outline of 
the present playa (Figs. 3 .3, 3 .15, 4.1 and 5 .1) and which are relict from inundations of 
Lake Lewis during the modern hydrologic regime (Section 3.3). The large, composite 
arcuate features represent contractional stillstand levels of the last major amplified lake 
phase, the Tilmouth palaeolake. The contractional landforms occur up to 15 km 
westward from the present western margin of Lake Lewis playa. The outermost 
northern shoreline encroaches onto the base of the southern slopes of Stuart Bluff 
Range. The crescentic dunes along these arcuate features are up to 20 m high and are 
interpreted as transverse shoreline dunes. As the lake receded eastward, successive 
crescentic dunes formed at .western, downwind edges of the lakeshore and blocked 
eastward flowing creeks. Consequent ponding of surface waters leeward of the barriers 
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resulted in development of series of small lakes west of the main Lake Lewis water 
body. These secondary lakes include Lake Waudby and the group of small playas to the 
immediate west (Fig. 5.1). In many instances the morphology of the small lakes 
parallels the arcuate form of adjacent windward dunes. The array of subsidiary lakes, 
along with the main lake body of the waning Tilmouth palaeolak:e, later became foci for 
groundwater discharge, now represented by the series of playas. These generally have 
well-developed efflorescent salt crusts because inflow of fresh, diluting surface water 
from creeks is limited. The small lakes and intervening transverse dunes represent major 
segmentation of the Tilmouth palaeolake during a regime of progressively increasing 
aridity and contraction of Lake Lewis. 
Tilmouth palaeolake extent to the 560 m contour 
The Early Tilmouth beds at approximately 560 m AHD elevation in Rabbit Hole Gap 
and similar sediment in water boreholes within the lacustrine plain help constrain the 
margin of the Tilmouth palaeolake to roughly the 560 m level. The 560 m topographic 
contour is superimposed on a Digital Elevation Model (DEM) in Figure 5.2. The DEM 
topographic data and Australian Survey and Land Information Group (AUSLIG) 
unpublished 1: 100 000 topographic compilation sheets indicate a discernible depression 
occupying the area within the 560 m contour. The outline is irregular, particularly the 
northern portions abutting Stuart Bluff Range and the eastern margins around the 
inselbergs. Some of the irregularity of the 560 m topographic contour relates to 
deflationary hollows in the palaeo-lakebed and to aeolian deposits that overlie the 
lakebed, whereas the original lake margin itself was probably more smoothly curved. 
This palaeolake has no surface outlet and is terminal in terms of runoff within the 
catchment. 
Northern reaches of the maximum Tilmouth palaeolake would have extended northward 
through both Rabbit Hole and Wallaby gaps (Figs. 4.3, 5.1 and 5.2) to coalesce on the 
northern side of Stuart Bluff Range, creating an island of the intervening bedrock ridge. 
The two inselbergs at Wirmbrant Rock would have been rocky domes protruding tens of 
metres above the lake surface. The eastern lakeshore would have lapped the bases of the 
inselbergs at Rembrandt Rock and The Amphitheatre, and a small bay would have 
infilled the northeastern scallop at The Amphitheatre (at the location illustrated in the 
Frontispiece plate). The southern shoreline was more curvilinear where the landscape is 
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flat and unobstructed by bedrock outcrops, and may have been fringed with deltas 
where Deiwent, Dashwood and other main creeks met the lake, although the latter 
landscape elements are now obscured beneath distal floodplain deposits. 
It is clearly illustrated in Figure 4.21 that the topographically low, flat lacustrine plain 
within the 560 m contour is not encroached by regional linear dunefields. It was 
suggested in Section 4.11 that this may relate to the fact that the supply of sand was 
dominantly from up-basin sources located above 560 m elevation. This may also 
strongly indicate that establishment of the dunefields pre-dated the Tilmouth palaeolake 
and that the lakewaters lapped the ends of the dunes where these were below 560 m. 
The possibility that establishment of the dunefields pre-dates the Tilmouth palaeolake 
phase is discussed further in Chapter 9. 
Figure 5.3(a) is a processed Landsat TM image of Lake Lewis in which the 
palaeolacustrine plain is well-represented spectrally in the visible and infrared 
wavebands, particularly the high-albedo calcrete ground around the eastern and 
southeastern perimeter. The AGS imagery for the same area is shown in Figure 5.3(b). 
The palaeolacustrine plain is represented by low gamma-radiation (brown) in contrast 
with the surrounding alluvial plain where relatively young, onlapping floodplain 
deposits emit significantly higher gamma-radiation, particularly in the potassium band. 
Low gamma-radiation from the lacustrine plain relates to both calcrete ground and the 
quartz sand blanket that overlies the palaeo-lakebed sediments, neither of which regolith 
types are strong gamma-emitting surfaces. The combined data sets, 1 :50,000 scale 
colour aerial photography, Landsat TM and AGS imagery, and digital elevation data, 
and interpretations made from these data in conjunction with field observations, concur 
in constraining the extent of the last major palaeolake stage at Lake Lewis to 
approximately 560 m elevation. 
The Tilmouth palaeolake extended some 70 km east-west and at least 30 km north-
south, covering an area of approximately 1375 km2, about 5.5 times the size of the 
present playa. The maximum depth would have been 8-9 m, gauged on the elevation of 
the base of the Later Tilmouth beds in the playa, although pre-deflation levels in the 
depocentre are unknown. 
263 
CJ ployos, groundwater discharge zones 
IQ I Island 
I L ~ I lake shore terrace; lagoon 
[ . ··:::{/. I strondlines 
I;,'+?::. I dunes: shoreline, irregular and linear 
f <.:;"--J drainage lines t 
CJ sheetwash 0 5km N 
Figure 5 .1. Air photo interpretation of the western reaches of Lake Lewis, Lake Waudby and playas further west. The configuration of small playas, 
crescentic dunes and other landforms represent segmentation of the Early Tilmouth palaeolake. Superimposed bold dashed arcs depict interpreted 
lake stillstand levels associated with contraction of the lake from its maximum 560 m level. These trends contrast with strandlines (fine dotted lines) 
that mimic the irregular Lake Lewis playa outline which are a legacy of more recent inundations of the playa. The maximum extent of the Tilmouth 
palaeolake lapped northward through both Rabbit Hole and Wallaby gaps in Stuart Bluff Range and created a steep bedrock island of the intervening 
ridge. Imprints of highstands and intermediate stands north of the playa are obscured by modem slopewash and sheetwash deposits that fan south 
from Stuart Bluff Range. Air photograph details: NT Government 1989: 1:50 000 scale colour; Runs/Frames: 9/010, 10/ 190-197. 
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Figure 5.2. Digital Elevation Model (DEM) for Lake Lewis showing the present playa (solid 
black outline) and the 560 m topographic contour (dotted black line) with which the interpreted 
maximum extent of the Early Tilmouth palaeolake approximately corresponds. Also 
reconstructed are the lower reaches of the centripetal drainage system for the 560 m lake. The 
northern portion of the expanded lake extended northward through two gaps in Stuart Bluff 
Range, Rabbit Hole and Wallaby gaps. In the east, Wirmbrandt Rock was an island and the lake 
lapped the bases of The Amphitheatre (Frontispiece) and Rembrandt Rock (Plate 2.3). Further 
east, satellite lakes probably existed between Mt Harris and Lake Lewis. The 580 m high point 
(red-white) at the western end of Lewis playa is a >20 m high dune (labelled, and the 
geomorphology of the area is mapped in Fig. 4.3). The white asterisk marks the site of the East 
Lewis drill-ho~e which is located towards the centre of the palaeolake. Grid spacing for the 
DEM is 250 m (nine seconds in latitude and longitude). The spot height data is from the 
AUSLIG Australia-wide 1996 DEM derived collaboratively by the Australian Land and 
Information Group, the Australian Geological Survey Organisation, the Australian National 
University, and the Australian Heritage Commission. 
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Figure 5.3(a) Processed Landsat TM image of Lake Lewis: Red= directed principal 
components analysis of band ratios 4/3 and 517 (formula from Fraser and Green, 1987), 
highlighting clay, water, gypsum; Green= 514 ratio accentuating Fe-oxides; Blue = 1 + 7 
depicting quartz. The extent of the lacustrine plain is identified spectrally in the visible and 
infra-red bands as a broad halo around the playa, contrasting with the reflectances from the 
regolith and vegetation cover of the surrounding alluvial plain. Fe-oxides are concentrated 
in swales between megadunes located west of the lacustrine plain (downwind from Lake 
Lewis); linear dunes and claypans of the Derwent dunefield are discriminated in the image; 
(b) AGS image of Lake Lewis enlarged from Figure 1.7; Red-Green-Blue= K-Th-U, 
respectively. The megaswales are distinguished by relatively high Th gamma-radiation. The 
560 m topographic contour is superimposed as dotted lines on both images. 
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Megadunes 
The processed Landsat TM and AGS imagery, Figures 5.3(a) and (b), and 1 :50,000 
scale colour aerial photography reveal a series of large, east-west trending linear dunes 
located west of Lake Lewis, near the western edge of the basin. An aerial photograph 
interpretation of the megadune complex is shown in Figure 5.4 and part of the dunefield 
is illustrated in Plate 5.3. The dunefield lies approximately 20 km west of Lake Waudby 
and <5 km west of the Central Mount Wedge to Derwent Station track (Fig. 5.4), it 
extends some twelve kilometres east-west and eleven kilometres north-south, 
attenuating at a series of inselbergs to the west and onlaps the base of Stuart Bluff 
Range in the north (Fig. 5.4). Individual dunes are up to 10 km long, and dune spacing 
ranges up to 1 km (i.e., in a north-south direction), which is five times greater than that 
of regional linear dunes of the basin axis further south (Section 4.11; Fig. 4.21 ). 
It is not possible to investigate this region on the ground. Vehicular access to the 
megadunes is impeded by both soft sand substrate and thick vegetation. Foot traverses 
were also not possible as this remote area is under Freehold Native Title and contains 
sites of special significance to which access is restricted. The dunefield, therefore, has 
been surveyed for the present study from Stuart Bluff Range and from low-flying 
aircraft. The broad swales are thickly vegetated and are clearly depicted in the processed 
Landsat TM imagery, Figure 5.3(a). The swales are also identified by high thorium 
gamma-radiation in AGS imagery, Figure 5.3(b), possibly reflecting adsorbed Th on 
clay minerals and in iron oxide complexes. From the air it is evident that large 
quantities of sand were involved in formation of this dunefield; the heights of the dunes 
are not known but appear to be >9 m. Westward convergence on a y-junction or 
"tuning-fork" dune (labelled in Fig. 5.4) indicates formative windflow from the east. 
The megadunes are interpreted as major, atypical dune forms that were reworked from a 
transverse dune that formerly fringed the downwind shore of the 560 m Tihnouth 
palaeolake. Marginal quartz-rich beach and aeolian deposits form along the edges of 
long-lived, well-watered lakes, winnowed from beach deposits. The site of the original 
foredune immediately west of the flat palaeo-lakebed at Lake Lewis is indicated by a 
thick, dashed grey line in Figure 5.4. Today, this area is a deflated surface scattered with 
deflation hollows and relatively young kopi dunes (Section 4.3.3). It is likely that much 
of the megadune sand was also reworked from pre- 560 m phase lake shorelines, such 
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Figure 5.4. Air photo interpretation of megadune-megaswale complex west of Lake Lewis. Dune and swale widths here are much greater than those of 
the regional linear dunefields elsewhere across the basin. The inferrred western margin of the 560 m Early Tilmouth lakebed is indicated with a thick 
grey dashed line; the relict lakebed itself is now highly irregular, with deflation hollows and aeolian deposits obscuring the former shoreline. Aeolian 
deposits are very thick across the whole downwind area west of Lake Lewis. Air photo details: NT Government 1989; 1 :50 000 scale colour; 
Runs/frames: 10/199-203, 111125 & 126. 
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as a postulated 570 m megalake, discussed in Section 5.4. The 560 m and 570 
topographic contours are closely-spaced in this vicinity, west of Lake Lewis, and are 
both immediately upwind of the eastern trailing end of the present-day megadunes, as 
illustrated in Figures 4.21 and 5.8, so transverse foredunes associated with respective 
palaeolakes may have been closely-spaced. In this respect, Lake Lewis contrasts with 
lakes Woods and Gregory, for instance, where palaeo-shorelines relict from successions 
of palaeolakes are nested inside one another, with many kilometres - up to 20 km -
separating respective sand ridges. Because of steeper topography around Lake Lewis 
and the closely-spaced 560 m and 570 m contours, respective western lake margins 
would have nearly coincided, with foredunes of the 560 m palaeolake potentially 
overlapping those of an antecedent 570 m palaeolake. Thus, the present-day megadunes 
are composed of sands that have had a polycyclic beach and aeolian history. 
Similar geomorphic relationships have been mapped amongst duneforms at Lake 
Gregory (Bowler, 1990; Bowler et al., in press) and Lake Woods (Bowler et al., 1998) 
where numerous east-west linear dunes extend westward from crescentic transverse 
dunes that represent the western margins of much-enlarged lakes. At both lakes Gregory 
and Woods, the transverse dunes are largely intact and have not been totally reworked 
into broad linear dunes, as at Lake Lewis. Thorough reworking of the transverse dune at 
Lake Lewis was probably exacerbated by funnelling of formative southeasterly Trade 
winds along the base of the southern slopes of Stuart Bluff Range. Across the western 
half of the dune field, the megadunes themselves have been partly reworked into 
narrower, more sparsely vegetated dunes and swales, and into complexes of dunes on 
dunes (Fig. 5.4). This new generation of 'piggyback' dunes may be currently forming. 
Western palaeodrainage 
Interactive interpretation of the DEM data for the area west of Lake Lewis, using 
ERMapper software, provides high-resolution topographic data for the catchment and 
spot height data for each 250 m2 grid in the data set. The western divide of Lake Lewis 
basin is shown in detail in Figure 5.5. Lake Lewis is separated from Lake Ngalia to the 
west by subdued north-south trending ridges flanking both the northern and southern 
sides of Stuart Bluff Range. The low point in the divide north of the range is at 574.9 m 
elevation and the low point in the divide to the south of the range is at 569.75 m. The 
latter -570 m low point west of Lake Lewis represents the topographic threshold for the 
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basin. The 'Western Inselberg', illustrated in Plate 5.4, represents the western margin of 
Lake Lewis basin. 
Palaeodrainage systems associated with the Tilmouth palaeolake phase are interpreted 
from the DEM of this western area in Figure 5.6. The topographic data enable detailed 
mapping of the respective drainage systems flowing eastward to Lake Lewis and 
westward to Lake Ngalia from the intervening divides. Upper tributaries of the creek 
systems are incised into quartzite and granite of Stuart Bluff Range. These drainage-
lines in Central Mount Wedge peak and Stuart Bluff Range were previously interpreted 
as coinciding with faults and fractures (English, 1997). The degree of incision indicates 
that they have been conduits for high-energy runoff for much longer than the 
Quaternary suggesting that very ancient drainage patterns have latterly been exploited 
during the palaeolake periods. Topographic and geomorphic data and field observations 
along the Papunya-Yuendumu road indicate that the drainage system west of the - 570 
m low-point in the divide fed three small lakes before decanting to Lake Ngalia around 
the base of the southern end of the Central Mount Wedge peak massif. 
The palaeodrainage reconstruction is extended southward in Figure 5. 7 to include 
distributary channels of Derwent Creek. The drainage patterns here, interpreted from 
processed Landsat TM imagery, demonstrate that during past peak discharges from the 
MacDonnell Ranges - prior to establishment of intervening dunefields - Derwent Creek 
may have splayed into both the Lake Lewis and Lake Ngalia systems. Thus, during 
Tilmouth palaeolake times when large volumes of surface water were typical for the 
region, Derwent Creek would have supplied water to the small lakes decanting to Lake 
Ngalia, as well as directly feeding the expanded Lake Lewis. 
The Tilmouth palaeolake was probably fed by eastern creeks crossing Burt Plain -
Sixteen Mile, McGrath, Harry and Burt creeks (labelled in Fig. 1.5) - as well as by the 
main creeks of the present-day catchment of Lake Lewis basin. This implies a full 
22,800 km2 catchment, as outlined in Figure 1.8, contributing to the Tilmouth 
palaeolake, at least until intervening dunefields impeded westward flow from these 
distant drainages and/or their discharges attenuated in response to aridity and overland 
flow across this >50 km distance could not be sustained. 
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Plate 5.3. Oblique aerial view westward along the trend of megadunes located 
downwind from the 560 m (AHD) topographic contour west of Lake Lewis; the 
vantage-point is designated with an asterisk in Figure 5.4. The field of view is centred 
on one large dune, up to 0. 7 km wide, north to south, and several kilometres long, 
which is flanked by very densely vegetated swales. Central Mount Wedge peak is on 
the middle horizon. GR MOUNT WEDGE 200473. 
Plate 5.4. Oblique aerial view nothwestward over the Western inselberg (657 m AHD), 
a basement high of gneissic granite west of Lake Lewis; the vantage-point is marked 
with a diamond in Figure 5.4. The 570 m low point in the basin's western divide is 2 
km to the northwest, representing a topographic threshold, and the probable overflow 
point for early, pre-Tilmouth phase high lake stands. Overflow would have been 
between the Western inselberg and other inselbergs located 7 km to the north, mapped 
in Figure 5.4. Stuart Bluff Range is on the horizon. GR MOUNT WEDGE 004608. 
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5.4. OVERFLOW LAKE LEVEL: ANMATYERRE MEGALAKE? 
There is no evidence in the Lake Lewis basin landscape or in the remotely-sensed data 
sets of outer palaeo-shorelines between the 560 m topographic contour and the 570 m 
low point in the western divide. No relict landforms anywhere else in the basin 
circumscribe earlier, long-lasting lake levels at elevations higher than the 560 m 
Tilmouth palaeolake. Any strandlines located between 560 and 570 m elevations that 
may once have been associated with pre-Tilmouth lake levels have probably been 
obliterated by creek systems associated with the subsequent Tilmouth palaeolakc phase, 
or have become obscured by dunefields, calcrete ground and floodplain deposits. It is 
reiterated, however, that the respective western closures of the 560 m and 570 m 
topographic contours are closely-spaced, as noted in Section 5.3 and illustrated in 
Figures 4.21 and 5.8. This suggests that antecedent transverse foredunes associated with 
any lake levels between 560 m and 570 m would have formed close to the location of 
the foredune associated with the 560 m Tilmouth palaeolake, the latter illustrated with a 
thick, dashed grey line in Figure 5.4. Any precursor western beach and foredune sands 
associated with lakes that extended between the 560 m and 570 m levels would, 
therefore, have been reworked into the megadune complex described in Section 5.3. 
The areal extent of the uniform red-brown Arunatyerre Clay that was associated with a 
perennial lake and which preceded the Tilmouth palaeolake, is not known with 
certainty. Arunatyerre Clay is present at depth in both the Titra and Wilkie drill cores 
(Section 4.4; Figs. 4.9 and 4.10) and the latter is located between the 560 m and 570 m 
contours. Most of the lacustrine sediment in the Wilkie core has been completely 
overprinted with calcrete (Plate 4.10) and the upper four metres comprise heterogeneous 
younger sediments (Fig. 4.10) that are not part of the Arunatyerre lacustrine column. In 
addition to pervasive calcretisation, clayey sediments from drill-hole and water bore 
logs outside the basin depocentre indicate intense post-depositional oxidation and 
reduction, and it is difficult to assign them to any specific lithostratigraphic unit. The 
degree of overprinting and/or reworking can mask the difference between marginal 
lacustrine and distal alluvial fan sediments. Further, relatively young floodplain, 
slopewash and sheetwash deposits or dunes almost completely conceal the outer regions 
of the Arunatyerre palaeolake. 
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The 570 m saddle in the western divide represents the overflow level for Lake Lewis 
basin (Figs. 5.5 to 5.8), and it is suggested that the Anmatyerre lacustrine phase was, for 
at least some of its history, an overflow lake that spilled westward through the 570 m 
low point. The 570 m topographic contour, superimposed on the DEM in Figure 5 .8 
represents the putative Anmatyerre palaeolake. At its maximum, it would have stretched 
85 km east-west and 45 km north-south, covering an area of 3075 km2, which is 12.3 
times the size of the present Lake Lewis playa and 2.2 times the size of the Tilmouth 
palaeolake. The maximum depth would have been 19 m above the top of the 
Arunatyerre Clay exposed in Cliff Island pedestal (Plate 3.2). There is no sedimentary 
evidence that saline groundwaters interacted with the Anmatyerre Clay during its 
deposition (although it was proposed in Section 4.4, that the near-surface metres of 
Anmatyerre Clay may have been calcretised during the waning phases of the lake, based 
on the large volumes of calcrete present, today, in the lacustrine plain and the slow rates 
of Ca in the system). The Anmatyerre lake, for most of its history, appears to have been 
a well-flushed system in which very fine-grained elastic sediments accumulated without 
interruption in perennial deep water. This reconstruction assumes that neotectonic 
activity and erosion have not substantially altered the topographic configuration of 
bedrock around the basin since A.nmatyerre times. 
If the Anmatyerre megalake overflowed at the 570 m level, then Anmatyerre Clay 
would be absent from the stratigraphic record from sites outside the 570 m topographic 
contour. Drill-hole data are not conclusive for the same reasons that obscure 
identification of the Anmatyerre Clay at sites between the 570 and 560 m topographic 
contour, namely, overprinting of sediments by CaC03 together with post-depositional 
oxidation and reduction. A wave-cut notch or platform at around 570 m elevation in the 
bedrock flanks of Stuart Bluff Range and the inselbergs would confirm the presence of 
long-standing lakewaters at overflow levels in the vicinity but no evidence was 
identified in the field (the most suitable sites were not investigated because of restricted 
access on Native Title land on Central Mount Wedge Station). Thus, the proposal that 
the Anmatyerre megalake was an overflow lake at 570 m is reasonable but remains 
hypothetical. 
It is not known whether the inferred Anmatyerre megalake at Lake Lewis was fed by 
eastern creeks crossing Burt Plain but this seems likely. Once sediments had infilled 
Burt Basin to a 'brimful threshold' above 580 m elevation - during the Tertiary and 
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Figure 5.5. DEM for the area west of Lake Lewis to Central Mount Wedge peak and Lake 
Ngalia. The digital elevation data show heterogeneous topography in the vicinity of the 
regional N-S divides between Lake Lewis in the east and Lake Ngalia in the west. The 
divides, north and south of Stuart Bluff Range, are roughly co-linear with longitude 132°00'. 
Interactive DEM traverses reveal the lowest point in the divide south of the range to be close 
to 570 m (AHD). Similarly, north of the range, the Lake Lewis drainage system is separated 
from Lake Ngalia drainage system by a N-S divide with a low point close to 575 m (AHD). 
The uneven topography within the 560 m contours relate to patterns of groundwater 
discharge in low areas (approximately 550-552 m AHD) which are deflation hollows in the 
palaeolake floor, and to aeolian deposits in the form of source bordering dunes and playa 
islands that rise several metres above these low areas of the basin depocentres. 
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Figure 5.6. DEM for the area west of Lake Lewis with interpreted palaeodrainages 
superimposed: palaeolake extents shown as thick dotted lines, palaeodrainages as thin dashed 
lines, arrows show surface water flow directions. Two major palaeodrainage systems flowed, 
respectively, eastwards towards the Early Tilmouth palaeolake at Lake Lewis, and westwards 
towards the Lake Ngalia - Lake Bennett system, from intervening divides north and south of 
Stuart Bluff Range. The lower reaches of these drainage networks are now largely obscured 
by dunefields or calcrete. South of Stuart Bluff Range and west of the 570 m divide, the 
palaeodrainage system fed three small lakes that decanted down to Lake Ngalia. 
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Figure 5.7. Palaeodrainage reconstruction for Derwent Creek and the palaeolakes, based 
on DEMs, processed Landsat TM data and air photo interpretation. The two ephemerally 
active drainage-lines flowing northwestward from the trunk Derwent Creek channel are 
faintly visible in processed Landsat TM imagery and wend between sand dunes for >25 
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possibly into the Pleistocene - surface drainage from the east would have prograded 
westward to Lake Lewis, flowing between the intervening bedrock outcrops that 
' 
separate Burt and Lake Lewis basins. However, the timing of this stage in the evolution 
of Burt basin is not known. It merely seems highly likely that the full 22,800 km2 Lake 
Lewis basin catclunent (Fig. 1.8) would have contributed surface waters to the 
Anmatyerre megalake during the wettest periods of the lake's history. 
S.S. P ALAEOLAKES WEST OF LAKE LEWIS 
The regional DEM for Lake Lewis basin to Lake Bennett in the west is shown in Figure 
5.9. The topographic low points in both lakes Lewis and Ngalia are at 550 m, and the 
low point in Lake Bennett is at 540 m elevation. Both lakes Ngalia and Bennett are 
contained in the Cainozoic Mount Wedge basin (Figs. 1.3 and 1.5). The topographic 
data, along with geological and geomorphic information for the area, have been 
interpreted for the present study to delineate the extent of palaeolakes west of Lake 
Lewis during 'Tilmouth times'. The interpretation, based largely on the extent of calcrete 
ground surrounding lakes Ngalia and Bennett (mapped by Wells and Moss, 1983; and 
Young et al., 1996) and on accumulated dune sands west of Lake Bennett, is shown in 
Figure 5.10. 
During Tilmouth palaeolake times, when Lake Lewis was 5.5 times its present size, and 
approximately 8 m deep, lapping the 560 m contour, the Lake Ngalia palaeolake 
appears to have been a very shallow but greatly expanded water body or series of 
swamps spread across some 25 km between Stuart Bluff Range and the Siddeley Range, 
extending to approximately the 553 m contour (Fig. 5.10). Propagation of beaches and 
foredunes along the western, downwind shore of the Ngalia palaeolake would not have 
been possible against the steep northeastern-dipping cuesta slopes of smooth quartzite 
of the Siddeley Range; beach and aeolian sands here would have been constantly 
washed back into the lake at the base of the range. This Ngalia palaeolake was linked by 
a low-gradient creek or chain of interconnected ponds along the base of the 
southwestern flank of Siddeley Range to join the eastern edge of a greatly expanded 
Lake Bennett (Fig. 5.10). 
The expanded Lake Bennett can be assigned megalake status: it extended to the 550 m 
contour and had an east-west fetch of some 60 km and a north-south one of 20 km; the 
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Figure 5.8. DEM for Lake Lewis showing the present playa (black outline) and the extent of the 
560 m (AHD) Early Tilmouth palaeolake (blue line) and its drainage system. The 570 m 
contour (red line) represents the overflow level for the maximum capacity Anmatyerre 
palaeolake. 
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Figure 5.9. DEM of the study area and the contiguous region to the west. The image shows topographic closure of Lake Lewis basin by the 570 m (ARD) 
divide to the west. The playa surfaces of both lakes Lewis and Ngalia are at approximately 550 m elevation. The regional low-point is 540 m, at Lake 
Bennett. Highly irregular topography between Mt Liebig and Lake Bennett represents large, dense sand dunes along the axis of the northern plains. 
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lake was up to 10 m deep. The western shore of the Bennett megalake lapped the base 
of the Andrew Young Hills where large volumes of sand accumulated, tacitly as beach 
and foredune deposits immediately east of the gentle lower slopes of the hills. These 
lakeshore deposits have since been reworked into very dense east-west linear dunes 
(Fig. 5 .10) analogous to the relocation and reworking of the inferred transverse 
downwind dune associated with the Tilmouth palaeolake at Lake Lewis (Section 5.3). 
A topographic threshold is represented by the 550 m level of the Lake Bennett 
megalake. The presence of an ancient bedrock sill is suggested, west of the lake, 
between the Andrew Young Hills - which are composed of granulite, gabbro-norite and 
granite - and outcrops south of the intervening 550 m low point that are composed of 
granulite. Up until the 550 m water level, Lake Bennett would probably have functioned 
as a terminal amplifier lake. Additional inflow to the lake at this capacity level would 
have resulted in westward outflow via the outlet immediately south of the Andrew 
Young Hills (Fig. 5.10), across the bedrock sill, with subsequent linkage of Lake 
Bennett to Lake Mackay, on the NT-WA border. 
Figure 5.11 is a reconstruction of the 200 km long palaeoriver course between Lake 
Bennett and Lake Mackay. It is possible that this river flowed during maximal 
'Tilmouth times', i.e., when it is inferred that Lake Ngalia decanted to or was 
amalgamated with Lake Bennett and when the latter megalake crested its 550 m 
capacity level. The Tilmouth palaeolake at Lake Lewis itself was contained east of the 
570 m high divide and could not have contributed to the western system at this time. 
These reconstructions and interpretations assume that tectonic and deflationary 
processes have not significantly altered the basin configurations, topographic thresholds 
and drainage patterns over time. The broad river valley connecting Lake Bennett and 
Lake Mackay is calcretised (Fig. 5.11 ), as are the perimeters of all the lakes (Figs. 
5 .3( a), 5 .10 and 5 .11 ). Lakewaters below 550 m in Lake Bennett represent hydrologic 
closure of the lake Ngalia-Bennett system, cessation of river flow towards Lake 
Mackay, onset of brackish conditions and calcrete formation in the exposed lakebeds 
and palaeovalley floors . Broad expanses of calcrete around greatly regressed antecedent 
water bodies (mapped by Wells and Moss, 1983) seem to constitute a major regional 
legacy from the period that can be regarded as the 'contractional Tilmouth phase'. 
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Figure 5.10. Reconstructed palaeolake phases, shown as dotted lines, for lakes Ngalia and Bennett and the western part of Lake Lewis, interpreted from 
topographic and geologic data (the latter from Wells and Moss, 1983; Young et al., 1995). The expanded extents of Lake Lewis to 560 m (AHO) and 
Lake Bennett to 550 m are constrained by various data. In particular, the concentration of dunes at the western downwind end of the respective 
palaeolake margins relate to interpreted antecedent transverse foredunes that were once associated with protracted high lake stands at these elevations. 
The expanded Lake Ngalia lapped against the steep flanks of Siddeley Range, so no such downwind foredune fonned adjacent to the palaeolake here. 
The extent of calcrete aureoles around the present playas delimits the margins of the fotmer palaeolakes. At times, lakes Ngalia and Bennett probably 
coalesced across the flat intervening plain south of Siddeley Range into a single large, very shallow, - 3 m deep, lake or into an array of interconnected 
swamps. At this stage in the evolution of the region, lakes Lewis and Ngalia were separated by a divide at 570 m elevation (marked with an asterisk*), 
south of Stuart Bluff Range (Figs. 5.5 and 5.6). The 550 m megalake extent of Lake Bennett represents a maximum capacity level. Wet conditions 
causing an excess in this threshold would have opened up the Ngalia-Bennett lake system to westward outflow, as illustrated in Figure 5.11. 
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Figure 5.11. Reconstruction of the westward-flowing palaeoriver between lakes Bennett and Mackay, 
thick dashed line. The interpreted palaeovalley course is based on topographic and geologic data 
particularly the occurrence of valley calcrete (geology from Well and Moss, 1983). The river dropped 
190 m over its 200 km east-west course. Outflow from the southwestern fetch of the Lake Bennett 550 
m high lake stand was south of the Andrew Young Hills. The river flowed into Lake Mackay by 
distributary channels in the fonn of a large fan or delta. 
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Regional dunefields do not transgress onto the calcretised aureoles around these lake 
systems west oflake Lewis, i.e., within the 550 m topographic contour at Lake Bennett 
and the 553 m level at Lake Ngalia. This suggests that establishment of the dunefields 
predates these expanded lake phases. The situation is similar to that noted above 
(Sections 4.11 and 5.3), with respect to the regional linear dunefields across Lake Lewis 
basin not encroaching onto the 560 m Tilmouth palaeo-lakebed. 
During 'Anmatyerre times', when the interpreted Anmatyerre megalake at Lake Lewis 
may have been over double the size of the ensuing Tilmouth palaeolake, most of the 
region occupied by contiguous Cainozoic intermontane basins north of the main ranges 
in (Figs. 1.3, 1.5 and 5.9) would have been covered with lakes and swamps that were 
well-watered by runoff from the encompassing high mountain ranges. Expansion of the 
Ngalia-Bennett lake system would nonetheless have probably been limited to the 550 m 
threshold during the Anmatyerre phase as well as the Tilmouth phase. Inferred 
substantial flow down the river to Lake Mackay may, therefore, have included Lake 
Lewis waters decanting from the 570 m spillway at the lakes' western edge during 
maximal 'Anmatyerre times'. A distance of 300 km is represented, from the overflowing 
Lake Lewis at 570 m to Lake Mackay at 360 m elevation. Stratigraphic data from water 
bores across the region between Burt Plain and Lake Mackay reveal an overwhelming 
predominance of lacustrine clay, with respect to both its lateral extent and vertical 
thickness in the sedimentary record, and support the notion of vast, long-lasting 
interconnected lakes extending across the 'northern plains' region. The magnitude of this 
lake system compares with that of the Lake Neale-Lake Amadeus system along the axis 
of Amadeus Basin to the south. Whether Lake Mackay at this time was a terminal lake 
or there was overland flow across Western Australia is not known; it is merely 
speculated that Lake Mackay was the regional depocentre for internal drainage for an 
extremely large catchment during the wettest periods of the Pleistocene and probably 
for the late Tertiary as well. 
5.6. PALAEOHYDROLOGIC CONDITIONS 
The Tilmouth palaeolake at its maximum extent covered an area of approximately 1375 
km2, 5.5 times the size of the present Lake Lewis playa, and was up to 8 m deep 
(Section 5.3). The inferred Anmatyerre megalake at the overflow level would have 
covered an area of approximately 3075 km2, 12.3 times the size of the present playa and 
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2.2 times the size of the Tilmouth palaeolake, and would have been up to 19 m deep 
(Section 5.4). Substantially wetter climatic conditions or a greater frequency ofrainfall 
events, along with greater efficiency of delivery of this rainfall to the lakes, compared to 
the present-day semi-arid climate were necessary to sustain these expanded water 
bodies. The following section calculates the approximate rainfall and the evaporation-
precipitation ratios (E/P) that are indicated for the two palaeolake periods at Lake 
Lewis. The calculations are based on the equations of Bowler (1981; 1986) and 
Chappell (1987): 
P[a + (f + g)(A - a)]= Ea 
where P = precipitation, E = evaporation, f =runoff coefficient, g = groundwater 
transmission, A= basin area, and a= lake area. A range of runoff values are used, 
representing a range of percentages of inflow of surface water to the lakes from the 
given catchment area. Groundwater can be omitted from the calculations because the 
quantity of groundwater transmission is small compared to the hydro logic flux in which 
precipitation and evaporation are dominant factors (Bowler, 1981) and, at Lake Lewis, 
the time lag between recharge and discharge is often sufficiently short (Section 6.8), 
that, for the present purposes, the groundwater contribution to the lake can be embodied 
in the annual precipitation rate. 
Figure 5.12(a) shows the amount of increase in rainfall necessary for the two lake area 
increases, the Tilmouth palaeolake extending to the 560 m contour, and an overflow 
lake at the 570 m level (Anmatyerre megalake), and arbitrarily assuming an E/P ratio of 
10.9, i.e., the present-day E/P ratio. The vertical lines for rainfall increase show that, to 
sustain the Tilmouth palaeolake at f = 0.1 (10% inflow), a rainfall increase 2.4 times the 
present rainfall is necessary (672 mm/pa), and at f = 0.2 (20% inflow), an increase of 
1.37 times the present rainfall is necessary (384 mm). To sustain the overflowing 
Anmatyerre megalake at f = 0.1, 4.3 times the present rainfall is needed (1204 mm), and 
at f = 0.2, 2. 7 times the present rainfall is needed (756 mm). 
Figure 5. l 2(b) shows the E/P ratios required for the various lake phases, calculated on 
the assumption that the evaporation rate was the same as today's and that the 
precipitation rate is the main variable. The Tilmouth palaeolake at f = 0.1 would require 
an E/P of 2.7, and at f = 0.2 would require an E/P of 5.5, compared to the present-day 
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Figure 5.12(a). Plot of lake areas against required rainfall to sustain expanded lake phases 
(modified after Bowler 1981, 1986; Chappell, 1987). The graph is based on the equation: P[a 
+ (f + g)(A - a)] =Ea, where P =precipitation, E =evaporation, f =runoff coefficient, g = 
groundwater transmission, A = basin area, and a = lake area. Runoff coefficients utilised are: f 
= 0.05 (5% inflow to the lake) to f = 0.25 (25% inflow). Groundwater is omitted from the 
calculations as explained in text. The equation is plotted at the current E/P ratio of 10.9 for the 
basin (Evaporation = 3065 mm, Precipitation = 280 mm). The expanded Tilmouth phase 
palaeolake at Lake Lewis to 560 m elevation (1375 km2) was 5.5 times the size of the present 
playa (250 km2). An overflow lake to 570 m (3075 km2) would be 12.3 times the size of the 
present playa (Anmatyerre megalake phase?). (b) Plot of A/a versus E/P using the same 
parameters as in (a), to illustrate the E/P associated with respective lake phases. 
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E/P of 10.9. An overflow lake (Anmatyerre megalake) at f = 0.1 would require a low 
E/P of 1.8, and at f= 0.2 would require an E/P of2.6. 
For comparison, calculations for the present-day Lake Lewis playa are also included in 
Fig 5.12(b). At the current E/P of 10.9, surface water from the 14,075 km2 basin 
catchment would cover the 250 km2 area if there was approximately 18% inflow (f = 
0.18). If the full 22,800 km2 catchment was capable of supplying runoff to the lake 
(ignoring the obstructing dunefields of the contemporary landscape), approximately 
12% inflow (f= 0.12) would sustain surface water within the present configuration of 
Lake Lewis. It is therefore evident that, in the present-day E/P regime and with the 
present effective catchment of 14,075 km2, the average runoff coefficient for the basin 
is markedly below f = 0.18 because Lake Lewis is so rarely entirely covered with 
surface water. A recent rainfall event of approximately 300 mm that resulted in 
coverage of over half of the playa surface with ephemeral water (Fig. 1.13) suggest that 
a runoff coefficient off= 0.06 (6% inflow) was involved. However, in this instance the 
average inflow rate for the basin encompasses a relatively high runoff from the 
Napperby Creek sub-catchment and possibly also considerable local runoff from the 
inselbergs adjacent to the playa, with overland flow from the sub-catchments of 
Derwent and Dashwood creeks not reaching the lake at all. The equations are not 
readily applied to non-steady state conditions such as those represented by the 
intermittent, patchily distributed 'desert flood' rainfall regime typical of the present day. 
The key role of the E/P ratio is clearly illustrated in Figure 5.12(b): an E/P of half the 
present ratio would result in Lake Lewis being covered with surface water with a runoff 
of only f= 0.1 from the 14,075 km2 catchment; if the full 22,800 km2 catchment was 
involved the present lake area would be covered with surface water with a low runoff of 
f = 0.05. 
In Figure 1.13, the present-day parameters for Lake Lewis, in terms of the effective 
catchment area and the 250 km2 playa area, are plotted using the climatic function 
equation of Bowler ( 1981 ), where realistic evaporation from a lake surface is 
represented as 0.8 times the potential evaporation rate. In this scheme, the Anmatyerre 
palaeolake is expected to plot wholly in the permanent lake category whilst the 
Tilmouth palaeolake would have a marginal status, between a permanent and an 
ephemeral lake, based on observations and calculations presented above. Using the 
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equation of Bowler (1981) and the full "palaeo-catchment" area, encompassing both the 
Lake Lewis and Burt catchments, and the estimated lake areas for the Anmatyerre and 
Tilmouth palaeolakes, given above, the two palaeolakes are plotted in Figure 5 .13. 
Arbitrary precipitation rates, of 1500 mm and 1000 mm, respectively, are designated, to 
'fit' the data to the observations and qualitative information for the two palaeolakes. The 
representative pan evaporation factor is taken into account, the present-day potential 
evaporation rate is retained, and 30% efficiency is assigned for the basin, based on the 
potentially high inflow to the lake from the mountainous catchment and the direct 
drainage lines to the lake from all sub-catchments. Using the predicted precipitation 
rates, the position of the Anmatyerre palaeolake represents a lake that is similar to, but 
more perennial than, present-day Lake George, New South Wales, and would have 
persisted in a humid climate (Fig. 5.13). A sub-humid climate is represented for the 
Tilmouth palaeolake, plotted on the boundary between being a permanent and an 
ephemeral lake. A substantial shift across the hydrologic threshold, from the Tilmouth 
palaeolake status to the contemporary playa of the present semi-arid to arid climate 
regime, is indicated by the white arrow (Fig. 5 .13 ). 
The rainfall that sustained the palaeolakes was probably somewhere between the 
calculations and predictive estimates plotted, respectively, in Figures 5.1 2 and 5.13, 
given that evaporation rates and runoff efficiency cannot be accurately constrained. 
Thus, it is concluded that the precipitation rate that sustained the Anmatyerre megalake 
was probably between 3 and 5.4 times the present rainfall and the precipitation rate that 
sustained the Tilmouth palaeolake was probably between 1.5 and 3.6 times the present 
rainfall. 
5. 7. SUMMARY 
• The Arunatyerre megalake phase at Lake Lewis may have been an overflow lake for 
much of its history. The reconstructed megalake covers an area of approximately 
3075 km2, some 12.3 times the size of the present playa, and represents a water 
body up to 19 m deep. The maximum level of the Anmatyerre megalake would have 
been to 570 m elevation at which point outflow from the basin would have occurred 
via a low-point in the western divide. This spillway would have linked the 
Anmatyerre megalake with lakes Ngalia, Bennett and, possibly also, Lake Mackay 
to the west. Overflow conditions, combined with sedimentary information, implicate 
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Figure 5.13. The relationship between catchment/lake areas (Ac/Al) and climatic 
parameters (after Bowler, 1981; Fig. 30.4), modified from Fig. 1.13 (Section 1.4.4, this 
thesis). The present-day Lake Lewis playa (star) is plotted using a catchment area of 
14,075 krn2 and a lake area of250 km2; rainfall (P) 280 mm, evaporation (E) 3065 mm 
and a runoff coefficient off= 0.1. Anmatyerre palaeolake (white asterisk): catchment 
area 22,800 km2 (Burt + Lake Lewis catchments), lake area 3,075 km2, which is the 
maximum capacity, overflow level at 570 m (AHD); P = 1500 mm (arbitrary 
designation, see text), E = 3065 mm, f = 0.3. Tilmouth palaeolake (curved diamond): 
catchment area 22,800 km2, lake area 1,375 km2. (560 m AHD palaeolake); P = 1000 
mm (arbitrary designation), E = 3065 mm, f = 0.3 . Plots for all other lakes as for Fig. 
1.13, using present-day lake and catchment areas, present climatic parameters and f = 
0 .1 (data from Bowler, 1981; 1986; Magee, 1997). The groundwater flux is not taken 
into account in the calculations. The plot illustrates the evolutionary path (white arrows) 
of Lake Lewis in response to increasing aridity, from a permanent lake (Anmatyerre) 
that persisted during humid times, to a marginal permanent-ephemeral lake (Tilmouth) 
during humid to sub-humid climatic conditions, to playa conditions of the present semi-
arid to arid climate. The boundary line between Permanent and Ephemeral lakes, upon 
which the Tilmouth lake is plotted, represents hydro logic closure of the Lake Lewis 
system. The transition from the Tilmouth lake to the present playa status in response to 
a negative hydrologic balance was exacerbated by the reduction of catchment area due 
to obstruction of overland flow from the east by dunes and calcrete ground. 
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Figure 5.14. Stratigraphic sequence and diagrammatic depositional settings for the main 
(e) 
Quaternary palaeolake phases at Lake Lewis: (a) Anrnatyerre lacustral phase; (b) contractional 
Anrnatyerre phase with calcretisation; (c) Early Tilmouth lacustral phase; (d) Late Tilrnouth 
("contractional Tilmouth") phase with calcrete precipitation shoreward and gypsum precipitation in 
the depocentre; ( e) Aeolian phases. The stratigraphic relationships between the Anmatyerre Clay, 
Early Tilmouth beds and the calcrete aureole are not well constrained. Not illustrated is the modern 
evolutionary phase of stabilised aeolian deposits, karstic solution of calcrete bodies, silicification of 
calcrete, and ephemeral flooding. 296 
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• well-flushed, well-oxygenated lakewaters and low solute concentrations in Lake 
Lewis during the Anrnatyerre phase. Continuous deposition of the Anmatyerre Clay 
in standing water in Lake Lewis proceeded for an extremely long period. The 
Anmatyerre overflow lake is diagrammatically represented in Figure 5.14(a) and its 
waning phase in 5.14(b). 
• A rainfall increase of the order of 3 to 5 .4 times the present precipitation rate or a 
low E/P ratio of the order of 2 to 3 would be required to sustain an overflow lake 
(the Anmatyerre megalake) at Lake Lewis. 
• The Tilmouth palaeolake represents hydro logic closure of Lake Lewis basin. At its 
maximum, the Tilmouth palaeolake extended to the 560 m topographic contour; the 
lake covered an area of approximately 1375 krn2 , some 5.5 times the size of the 
present playa, and was shallow, no more than 8-9 m deep. Beach and foredune sands 
accumulated along the western lakeshore. Northern portions of the lake highstand 
lapped northward through Rabbit Hole and Wallaby gaps and the eastern shore 
lapped against Rembrandt Rock and The Amphitheatre. The depositional setting for 
the Early Tilmouth beds is illustrated diagrammatically in Figure 5.14(c). 
• A rainfall increase of around double to 3.6 times the present precipitation rate or an 
EIP ratio of 2.7 to 5.5 would be required to sustain the Tilmouth palaeolake. 
• West of Lake Lewis, the Tilmouth palaeolake stage is equated with analogous lake 
expansions. The Lake Ngalia palaeolake extended to occupy the area between Stuart 
Bluff Range and Siddeley Range. The palaeolake extent at Lake Bennett covered an 
area that was more than an order of magnitude larger than the present playa. The 
river connecting lakes Bennett and Mackay may have flowed during lake full 
conditions of the wettest periods of 'Tilmouth time' although Lake Lewis itself was 
isolated east of the 570 m topographic divide at this time. 
• The Tilmouth palaeolake subsequently contracted during progressively increasing 
aridification. Series of relict landforms, including small playas and arcuate dunes, 
represent major segmentation of the Tilmouth palaeolake. Groundwater influence 
and chemical sedimentation became increasingly dominant in the closed system: 
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large volumes of calcium carbonate precipitated in the exposed lakebed and delta 
settings as lakewaters receded, and large volumes of gypsum precipitated lakeward 
in the shallow, contracted lake. Episodically, or seasonally, deflated gypsum was 
reworked on beaches. Major periods of aeolian activity came to dominate processes 
at Lake Lewis and involved both chemical and quartzose sediments that had become 
exposed, desiccated and prone to deflation. These latter phases are illustrated 
schematically in Figure 5.14(d) and (e). 
• As at Lake Lewis, large expanses of calcrete precipitated within the margins of the 
severely contracted lake stages at lakes Ngalia and Bennett and along the river 
valley to Lake Mackay. Large volumes of gypsum precipitated lakeward in the 
respective shallow, receded western lakes, as at Lake Lewis. Lake contraction, 
widespread chemical sedimentation and ensuing aeolian activity is attributed to 
'post- Tilmouth palaeolake times' or 'contractional Tilmouth times' for the lake 
basins. 
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CHAPTER 6. HYDROLOGIC PROCESSES 
6.1. INTRODUCTION 
Part III of this thesis comprises two chapters: the present chapter on basin hydrologic 
processes, and Chapter 7, on diagenesis. The hydro logic framework of Lake Lewis 
basin, described and interpreted here, is aimed at developing an understanding of the 
main hydrological processes operating in the basin. Particular attention is given to the 
salinity gradient and its manifestations in the landscape. The geology of Lake Lewis 
basin described in Chapter 2 is relevant to this chapter, in that the structures, lithologies 
and distribution of the Precambrian basement rocks, together with the Cainozoic 
sediment infill and the catchment configuration, substantially influence the dynamics 
and chemistry of basin waters. All major hydrological processes are underpinned by the 
climatic regime, outlined in Chapter 1, particularly the rainfall pattern that results in 
sporadic up-basin freshwater replenishment of the groundwater reservoir and episodic 
flooding of the alluvial plain and the lake, and the high evaporation rates that drive the 
concentration of solutes, capillary rise of water from the water table and the 
precipitation of evaporite minerals. This chapter complements Chapters 3, 4 and 5 
which focus on sedimentary and geomorphologic legacies of surface water and 
groundwater in the playa, the lacustrine plain and the alluvial plain, respectively. The 
hydro logic processes described in this chapter provide vital information and set the 
scene for understanding sediment-water interaction, the focus of Chapter 7. 
Most of this chapter concentrates on the basin's groundwater system; surface water is 
considered mainly in terms of its relationship with the groundwater regime. Ephemeral 
surface water processes are integral not only to landscape evolution within the basin, as 
described in preceding chapters, but also to groundwater recharge, which is addressed in 
the present chapter. Surface water-groundwater interactions are also dynamic at the 
discharge zone in Lake Lewis playa itself, and these processes are additionally 
described in the present chapter. Thus, whilst surface water - groundwater interactions 
are discussed throughout this chapter, the main objectives are to portray the 
hydrogeologic setting, groundwater flow, the solute composition, transport and 
dispersion of waters and solutes, and groundwater evolution in the basin. 
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The present-day surface-water regime in Lake Lewis basin is briefly outlined in Section 
6.2. The hydrogeological setting of the basin, the main aquifers and groundwater flow 
patterns are described in Section 6.3. The salinities of the hydro logic system are 
presented and interpreted in Section 6.4, which is sub-divided into Section 6.4.1, on 
basin groundwater salinities, and Section 6.4.2, on playa brine salinities. The latter 
includes pore fluid (interstitial brine) salinity data as well as analyses of brines from 
playa pits and piezometers. The salinity of the Lake Lewis brine is compared here with 
salinities of other Australian salt lakes. Major ion compositions for the whole salinity 
gradient are described in Section 6.5, including graphic representations of basin-wide 
anionic and cationic variations. Surface water - groundwater interactions at the 
discharge zone are described in Section 6.6, supported by event-based chemical 
analyses of brines sampled before and after surface water inundation of Lake Lewis and 
field observations of the playa environment following flooding. An overview of 
groundwater evolution is given in Section 6.7. Data and results of groundwater 14C and 
36Cl analyses are presented in Section 6.8, aimed at understanding groundwater 
residence times and recharge dynamics, and augmenting the hydrophysical 
interpretations of flow paths. These data are integrated, where pertinent, with 
corresponding isotopic data from studies in nearby basins. The main findings of the 
Lake Lewis basin hydrogeological investigations are summarised in Section 6.9. 
Field sampling and laboratory methods for water chemistry are outlined in Appendix 
2.3, and for 14C and 36Cl analysis in Appendix 3.1.1 and 3.1.2, respectively. Data 
obtained from water bore logs housed at the Natural Resources Division, the NT 
Department of Lands, Planning and Environment, Alice Springs, are presented in 
Appendix 4: bore numbers, names and grid references are listed in Table A4. l; bore 
locations are shown in Figure A4.1; and hydrochemical analyses are tabulated in Table 
A4.2. 
Previous investigations 
Jones and Quinlan (1962) carried out the main previous hydrogeological investigation 
in the area in 1956-1957 as part of a general CSIRO report on lands of the Alice Springs 
region, compiled by Perry et al. (1962). This work was regional in scope and aimed at 
pastoral land use in central Australia, within in area of approximately 230,000 km2 
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centred on Alice Springs. Two small-scale maps were produced as part of this work: 
Groundwater Provinces (Jones and Quinlan, 1962), and Preliminary Assessment of 
Groundwater Resources (Perry et al., 1962). The latter map identifies two separate 
groundwater basins west of Alice Springs between the Stuart Bluff and MacDonnell 
ranges: Nanvietooma Groundwater Basin south of Lake Lewis, which is here regarded 
as Lake Lewis basin, and Hamilton Groundwater Basin beneath Burt Plain, which 
coincides with Burt basin of Senior et al. (1994; 1995),outlined in Figs. 1.3 and 1.5. 
Together, these two groundwater basins occupy the Burt Groundwater Province of 
Perry et al. (1962). North of Stuart Bluff Range, the Hann Groundwater Province of 
Jones and Quinlan (1962) coincides with Witchetty Cainozoic basin of Senior et al. 
( 1994; 1995), outlined in Figure 1.3. The Cainozoic basins recognised by Senior et al. 
(1994; 1995) and the present study (Figs. 1.3 and 1.5) are used in this thesis because 
definition of the basin boundaries since the early regional-scale reconnaissance work of 
Perry et al. (1962) has improved. 
Jones and Quinlan ( 1962) recognised three types of surface water in the region: 
permanent waterholes in the MacDonnell Ranges, seasonal water holes in shallow 
alluvium along the main water courses, and clay pans that hold water for short periods 
after rainfall. Ephemeral lakes such as Lake Lewis are here classified as larger-scale 
counterparts of clay pans. Three main aquifer types are recognised: fractured, weathered 
and jointed metamorphic and igneous rocks; faulted and folded sediments of the Upper 
Proterozoic and Palaeozoic; and flat-lying sediments and 'calcareous siltstone, 
chalcedony and Quaternary kunkar' (Jones and Quinlan, 1962). The latter category is 
taken to substantially include Cainozoic terrestrial sediments and calcrete, although in 
other parts of central Australia this aquifer type includes Mesozoic marine sediments. 
More recently, comprehensive hydrogeological investigations have been carried out in 
Ti-Tree basin by McDonald (1988), Harrington (1999) and Harrington et al. (1998; 
2000). Ti-Tree basin adjoins Lake Lewis basin to the northeast (Fig. 1.3), but contains 
no salt lakes. Day Creek, which drains towards Lake Lewis, shares a divide in Reynolds 
Range with the Woodforde River (Fig. 1.5) in Ti-Tree basin. The hydrogeological 
investigations in Ti-Tree basin were aimed at supporting and sustaining a specialised 
horticultural industry (irrigated grape, asparagus, melon and cut flower production). A 
multi-disciplinary regional study in the 'Western Desert' of southwestern NT, the 
'Western Water Study' (Wiluraratja Kapi) was recently completed in the area adjoining 
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Lake Lewis basin to the west (Lau et al., 1997; English, 1997; Jamieson, 1998; 
Wischusen, 1998; Cresswell et al., 1999). This project was aimed at assessing the 
sustainability of groundwater resources in arid Aboriginal lands. The Western Water 
Study area covers four 1 :250,000 map sheets, an area of approximately 68,000 km2, and 
encompasses Arunta Cratonic igneous and metamorphic bedrock, ancient Amadeus and 
Ngalia basin successions, and Cainozoic sediments, including salt lakes, i.e., the same 
geologic setting as Lake Lewis basin. 
6.2. SURFACE HYDROLOGY 
Surface water flow in Lake Lewis basin follows a centripetal drainage system that flows 
from nearby mountain ranges over tens of kilometres of low-gradient plains to the lake. 
The main surface water flow directions are illustrated in Figure 6.1, with Napperby and 
Derwent creeks being the major conduits for episodic surface water to Lake Lewis. 
Waters from Dashwood and Day creeks seldom reach the lake, because discharges are 
insufficient to sustain overland flow the whole distance across the low-gradient to flat 
plain. Additionally, outcropping calcrete in a broad aureole around the playa, which is 
commonly unevenly elevated > 1 m above the lacustrine plain substrate, impedes surface 
flow to the lake. Similarly, there is little evidence for recent surface water flow from 
Charley Creek extending to the lake. The airborne gamma-ray spectrometric (AGS) data 
imaged in Figure 6.1 shows the areal distribution of floodplains of each of the main 
creeks. Individual catchments are delineated by the contrasting AGS emissions from the 
different mineralogies of source rocks and alluvium, as described in Section 4.5. The 
AGS data serve as a proxy for delineating the pattern of distribution of surface water 
across the basin and highlight the main surface water flow paths. 
Additional to the main creeklines and their floodplains, surface water flows into Lake 
Lewis from the inselbergs located close to the playa's eastern margin. This input is 
demonstrated in Section 6.5 where it is seen that brines in the southeastern arm of the 
playa, closest to the inselbergs, are more dilute than brines in other parts of the playa. 
The only surface water outflow from Lake Lewis basin is via a minor northwest-
trending distributary channel that branches from the trunk Derwent Creek channel south 
of Derwent Homestead and flows towards Joker Bore, described in Section 5.3 and 
illustrated in Figure 5.7. This narrow conduit, identified in processed Landsat TM 
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Figure 6.1. Airborne gamma-ray spectrometric (AGS) image draped over the Digital Elevation 
Model (DEM) for Lake Lewis basin, viewed to the north, with vertical relief stretched (top). 
AGS data: Red = Potassium, Green = Thorium, Blue = Uranium. Surface water flow 
directions indicated with arrows on the corresponding map (below), and illustrated by the 
distribution of gamma-emitting alluvium across the plains. Drainage detail shown in Figs. 1.5, 
1.6 (a) and (b), and 2.14(b). The most prominent ridges are those composed of quartzite, either 
Chewings Range Quartzite, Heavitree Quartzite or Vaughan Springs Quartzite (labelled in Fig. 
2.1 ), which emit null K-Th-U gamma-radiation and are black in the image. Similarly, ranges 
composed of mafic granulite and amphibolite, such as Mt Hay and Mt Chapple, are 
topographically prominent and emit very low K-Th-U gamma-radiation. In the heart of the 
MacDonnell Ranges, the Teapot Granite Complex emits very high K-Th-U gamma-radiation 
(white in the image). The southern flanks of the MacDonnell Ranges are dominated by 
hundreds of subconical hills composed of calcareous gravels, the Brewer Conglomerate 
(labelled in Fig. 2.1 ), making up the Pertnjara Hills and presenting a distinctive short-
wavelength, high uranium gamma-ray response pattern. The main divide is shown as a red 
dotted line on the map. The crest of the western Pertnjara Hills represents the main divide 
separating the upper Derwent and Finke River headwater catchments. 
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imagery, wends between dense sand dunes for >25 km and, according to anecdotal 
evidence, seldom contains surface water although its existence was the reason for 
drilling Joker Bore for drought relief in 1952 (I. Morton, Derwent Station, pers. comm., 
1998). The present study interprets a palaeochannel beneath this present-day narrow 
ephemeral drainage-line. The palaeochannel is regarded as a legacy from earlier wetter 
climates when surface water flow from Derwent Creek may have fed both Lake Lewis 
and the Lake Ngalia system (Section 5.3, Fig. 5.7). The 'Joker palaeochannel' sediments 
now serve as an aquifer for Left Bower and Joker bores, described further in Section 
6.3. There is no evident surface outlet for lakewaters from Lake Lewis. 
Rockholes containing permanent surface water are scarce and, within the Lake Lewis 
basin catchment, are mainly restricted to the Mereenie Range and the Chewings Range 
in the MacDonnell Ranges. There is also a permanent rockhole at Pulca Currinya near 
Central Mount Wedge peak, a site of special significance to the traditional owners, to 
which access is prohibited. Analysis of lineaments in the Arunta province and adjoining 
Amadeus and Ngalia basins for the Western Water Study (English, 1997) reveal that the 
localities of most rockholes and springs in the region coincide with the intersections of 
faults and joints. Long-lasting surface water is present in scattered waterholes along the 
main creeks and their floodout zones, such as Western Waterhole, NNW of Derwent 
Homestead, illustrated in Plate 6.1, where the water is remnant from sporadic major 
flood events. Claypans within the alluvial plain (e.g., Plates 4.13 and 6.1) represent 
perched settings where infiltration to underlying aquifers is impeded - probably due to 
an impermeable clay substrate composed of fine-grained overbank flood alluvium. 
In the lacustrine plain, moisture in pans is saline groundwater, not fresh surface water 
relict from episodic overland flooding. Salt pans represent the intersection between an 
elevated water table and the slightly-lowered ground surface in deflation hollows, 
supported by upward capillary movement of water caused by the molecular attraction 
between soiVsediment particles and water. Plate 6.2 illustrates one of innumerable salt 
pans that are scattered across the flat, topographically low lacustrine plain. As well as 
functioning as windows for "groundwater outcrop", the salt pans probably focus 
localised runoff, following substantial rainfall. Processes operating in this setting are 
described further in Section 6.6 because these pans are groundwater-controlled features 
rather than surface-water landforms. 
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6.3. HYDROGEOLOGIC SETTING AND GROUNDWATER FLOW 
6.3.1. Hydrogeologic setting 
Basement highs of crystalline bedrock encompassing Lake Lewis basin ensure almost 
complete closure of the groundwater system. The only evident leakage point is via the 
above-described, minor northwest-trending palaeochannel leading from Derwent Creek, 
the 'Joker palaeochannel'. Three main aquifer types are represented in the basin: fractured 
and weathered Proterozoic and Palaeozoic bedrock, Cainozoic sediments, and silicified 
calcrete. The general dispositions of these main aquifer types are illustrated in Figure 6.2. 
The water-bearing capacities and transmissivities of the bedrock types in the central 
Australian region are generally low, as described and discussed by English (1997). Little 
is known about the basal Palaeogene lacustrine clay in the basin, the Mount Wedge Clay, 
described in Section 2.5. This thick clay is no doubt saturated with water, lying at the base 
of the sequence above poorly-permeable to impervious crystalline basement (Figs. 2.17 
(a) to (c), and Fig. 2.18). However, no bores tap these depths so no information is 
available about its capacity as an aquifer. The clays are dense and chemically highly 
reduced, and give every indication of having extremely low porosity and permeability. 
Waters held in this thick clay layer are no doubt hydraulically confined and under 
pressure; they are possibly relatively old waters and may not mix with circulating 
oxygenated waters of meteoric origin. 
Late Tertiary-Pleistocene alluvial fan and lacustrine sediments, described in Section 2.5, 
are believed to be the most important aquifers. These include alluvial fan gravels, sands 
and silts, palaeochannel sands and gravels, and palaeolacustrine clays deposited in the 
basin from possibly the Miocene to the Late Pleistocene. Drill-hole and water bore logs 
indicate that basin infill is volumetrically dominated by clays, so aquifers with high to 
moderate porosity and permeability are rare. Palaeochannel sediments, in particular, are 
probably the most favourable aquifers, but silicified karstic calcrete in the lacustrine plain 
is also a distinctive, unconfined aquifer for brackish waters. 
Figure 6.2, based on data from the BMR seismic-line (Fig. 2.9) and stratigraphic 
information from exploration drill-holes (Fig. 2.17), indicates a maximum depth of 140 m 
of saturated sediments overlying heterogeneous fractured/weathered bedrock. This 
estimate is based on the greatest depth to basement datum along the seismic line (160 m, 
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Plate 6.1. Western waterhole, Derwent Creek floodout, 4 km west of the main 
Derwent channel, a rare example in the basin of a long-lasting surface water body; 
location shown in Fig. 4.13. The waterhole is rimmed with Ghost Gums (Eucaluptus 
papuana) that attest to reliable surface/near-surface water supplies and low salinity 
levels (<1,000 mgC TDS at this locality). GR GLEN HELEN 205440. 
Plate 6.2. Salt pan north of Derwent Creek floodout, typical of hundreds of such pans 
within the lacustrine plain, where the ground surface intersects the shallow, saline 
water table. Only salt-tolerant species such as Melaleuca glomerata are established in 
the salt pan zone, in contrast to the upstream claypans which can support Eucalypts. 
GR MOUNT WEDGE 220463. 
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Chapter 6. Hydrological Processes 
near Paddys Bore) and the standing water level in Paddys Bore, at 18 m depth. Based on 
geophysical soundings taken for the present study (Figs. 2.8 and A 1.1 ), the depth to 
basement, is even greater, at 190 m, at Thelma Bore, on Derwent Creek. The standing 
water level there is at 37 m depth, indicating a thickness of saturated sediments exceeding 
150 m. Much shallower basin fill, however, is present in most parts of the basin (see the 
depth to basement map, Fig. 2.8). The heterogeneous subsurface palaeo-relief of the 
basement and the prevalence of clay strata suggests the presence of pockets of 
groundwater that are poorly connected to the main aquifers in the basin. The situation near 
Dashwood Crossing Bore (Fig. 6.2), for example, suggests poor throughflow northward 
from the Upper Dashwood mountain valley aquifers due to a subsurface, fault-bounded 
basement high associated with the Redbank Thrust Zone north of the ranges (described in 
Section 2.2). Fault slices of bedrock within the Redbank Thrust Zone, both subsurface and 
outcropping, are typical for the piedmont zone across the basin. This aspect of the 
hydrogeologic setting is discussed further below, with respect to influences on the water 
table configuration and potentiometry in the southern part of the basin. 
Additionally, interpreted faults in the vicinity of Lake Lewis may play an important role 
in groundwater flow near the playa as postulated in Section 2.6. In particular, the WNW-
striking Lake Lewis Fault Zone beneath Lake Lewis, interpreted from airborne magnetic 
and seismic data (Figs. 2.3 and 2.5), may affect the near-surface and surface environments 
at the playa (Sections 2.2.2 and 2.6). This fault zone appears to directly influence the 
discharge of groundwater at Lake Lewis, as indicated diagrammatically in Figure 6.2. The 
faults lie orthogonal to the path of groundwaters flowing northward from the main basin 
aquifers; these waters have already substantially shallowed some distance south of the 
playa, probably influenced by permeability differences encountered in flow from alluvial 
aquifers to the dense Anrnatyerre Clay. It is possible that upfaulting beneath Lake Lewis 
forces focussed groundwater resurgence preferentially along the southern playa zone. 
The uneven basement palaeo-relief and inhomogeneous sedimentary infill make it 
difficult to estimate the total volume of groundwater in storage in the basin although 
Hanor (1994) estimates that approximately 20% by volume of most sedimentary basins 
consists of pore waters. Overall, aquifer depths are highly variable (Table A4.1) and 
individual bores commonly access discrete aquifers from different depths. Many bores 
sunk in and around the basin have intersected no water-bearing layers at all, particularly in 
bedrock areas. Confined, semi-confined and unconfined aquifers are heterogeneously 
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distributed; where standing water levels lie above the logged aquifer depth(s), the aquifer 
is taken to be confined (Table A4.l). All confined groundwaters in the basin are sub-
artesian. A small mound spring near the headwaters of the Finke River, in the 
MacDonnell Ranges, however, indicates very localised artesian groundwater flow. Air 
photo interpretation of this area in Mereenie Valley - where other springs are also present 
- reveals that the mound spring is associated with faulting in the Bitter Springs 
Formation; localised upwelling is probably enhanced by concentrated recharge of the 
valley aquifer by episodic flow in the Upper Finke River tributaries, combined with 
permeability contrasts with adjacent rock types. Yields from water bores across Lake 
Lewis basin are moderately low to low, typically <2 litres per second (l/s), regardless of 
aquifer type. 
6.3.2. Depth to Water Table and Potentiometry 
The water table - standing water level (SWL), or static level - configuration for Lake 
Lewis basin is shown in Figure 6.3. Depths to standing water range from 60 m adjacent to 
the MacDonnell Ranges to <1 min the centre of Lake Lewis playa, over a 50 km south-
north distance. Within the mountain valleys, the buried basement topography and the 
surface topography are irregular, where relatively deep, discrete bedrock aquifers are 
apparently present. Accordingly, the aquifer system in the mountain valleys is difficult to 
constrain and, up-gradient from the piedmont zone, the depths to water table are not 
contoured in Figure 6.3. 
The potentiometric surface contours and hydraulic gradient of the basin, constructed from 
topographic and water table data, are shown in Figure 6.4. The elevation data are from 
Australian Survey and Land Information Group (AUSLIG) 1:100,000 topographic 
compilation sheets and, along the BMR seismic line, from survey measurements taken at 
each seismic station, labelled in Figure 2.9 (the latter elevation points are designated with 
an 'S' in Table A4.1). The potentiometric surface displays a centripetal pattern of 
groundwater flow from the basin perimeter to the discharge zone at Lake Lewis. The 
deduced groundwater flow pattern essentially parallels the centripetal surface water flow 
lines although it is complicated by the configuration of outcropping and subsurface 
basement rocks. The elevation of the potentiometric surface ranges from >630 m AHD in 
the mountain valleys of the MacDonnell Ranges, to 550 m AHD beneath the Lake Lewis 
playa surface, representing a maximum hydraulic head of at least 80 m. Complications in 
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this simple pattern are discussed below. The hydraulic gradient is moderate in the 
confined reaches of the ranges whereas a low to very low hydraulic gradient is maintained 
across the basin axis, beneath the distal floodplain reaches and the lacustrine plain. Broad 
potentiometric depressions or channels - particularly the 560 m and 555 m potentiometric 
contours - coincide roughly with the floodout zones of Derwent and Dashwood creeks in 
the mid-basin reaches, suggesting high-permeability zones, at least as far north as the 
lacustrine plain where the potentiometric surface flattens as it begins to gradually 
approach the ground surface (Fig. 6.4). Aquifers in coarser sediments, such as 
palaeochannel or palaeodeltaic aquifers beneath the middle to lower reaches of Derwent 
and Dashwood creeks are suggested. 
Complicated water table configurations and/or potentiometric anomalies are apparent in 
the southern part of the basin. In particular, the following localities are noted: beneath 
Left Bower Bore west of Derwent Creek; beneath the Derwent and Dashwood Creek 
debouchment points; and beneath Tannin Bore, west ofNarwietooma Homestead (Figs. 
6.4 and 6.5). Left Bower and Joker bores are located in the interpreted Joker 
palaeochannel, described above, with reference to Figure 5.7. Here, rare surface waters 
and groundwaters flow northwestward, away from Derwent Creek and towards the Lake 
Ngalia system, with associated divergence of the potentiometric surface (Fig. 6.4). The 
interpreted palaeochannel aquifer may be separated from the main Cainozoic aquifers of 
the basin by a groundwater divide, as indicated by a dash-dot line in Figures 6.3 and 6.4, 
which is interpreted largely from the palaeodrainage reconstruction in Figure 5.7. The 
aquifer at Left Bower Bore, at 60 m depth, is logged as sandy clay and quartz sand, with a 
SWL at 46 m depth. A discrete groundwater body is indicated by the data, albeit one that 
is recharged - or has sporadically been recharged in the past - via the main surface water 
conduit of Derwent Creek, described further in Section 6.8. 
A potentiometric anomaly is indicated at Tannin Bore, where a SWL of 555 m (AHD) is 
surrounded by a potentiometric surface that is 10-15 m higher (Fig. 6.4). This appears to 
be related to the subsurface basement topography at this locality immediately west of the 
Mt Chapple massif, as illustrated in Figure 6.5. Groundwaters in the mountain valley 
southeast of Tannin Bore, between Mt Chapple, Redbank Hill and the northernmost range 
of the MacDonnell Ranges, flow northwestward to exit the confines of the mountains. The 
topographic elevation of the valley floor between Mt Chapple and the MacDonnell 
Ranges is 620-640 m AHD, i.e., some 20-40 m above the abutting piedmont alluvial plain. 
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The water table in bedrock aquifers in the mountain valley is at 40-50 m depth. Whilst 
there appears to be general potentiometric continuity, for instance, from Neds Bore to 
Kaditcha Bore (Fig. 6.5), the complex mountain topography and depth to water table data 
suggest a groundwater system that is not straightforward, particularly near Tannin Bore. 
Faults interpreted from airborne magnetic data are overlain in Figure 6.5 to better 
illustrate the situation. An interpreted subsurface western extension of the Mt Chapple 
mafic granulite body (hatched area in Fig. 6.5) is based on magnetic anomalies of short-
wavelength Total Magnetic Intensity (Fig. 2.2) that indicate magnetic bedrock at a 
relatively shallow depth beneath the ground surface around Tannin Bore. No information 
is available on the aquifer type for Tannin Bore, but the geophysical data suggest that the 
subsurface here is made up of fault-slices of mafic bedrock, a continuation of the Mount 
Chapple Metamorphics. Thus, it appears that Tannin Bore taps a discrete bedrock aquifer 
that is hydraulically isolated from surrounding aquifers and that structural complexities 
account for the potentiometric anomaly in Figure 6.4. 
Similar complications with northward throughflow of groundwaters from the mountain 
valleys to the Cainozoic sediments of the basin are indicated in the data for the areas 
beneath the debouchment points of Derwent and Dashwood creeks, suggesting a degree of 
separation between the respective aquifer types. The water table data for Dashwood 
Crossing Bore, located between Mt Zeil and Mt Heuglin (Fig. 6.5), indicate a subsurface 
impediment to northward throughflow from the mountain valley to the Dashwood Creek 
palaeochannel aquifers beneath the alluvial plain. The obstacle is a buried, fault-bounded 
basement high, detected in the seismic data, and is illustrated in Figure 6.2. 
North of the Derwent Creek debouclunent point, a major WNW-striking basement 
structure cross-cuts the area between Bullocky and Thelma bores (Fig. 6.5). This structure 
was interpreted in Section 2.6 and Figure 2.21, based on airborne magnetic data, where it 
has apparently caused kinking of Derwent Creek. Although the bedrock aquifers are open 
to the zone of saturation to the north and potentiometric continuity is indicated in Figure 
6.4, the water table configuration in Figures 6.3 and 6.5 suggests impediments to 
northward throughflow beneath the debouchment point, with probably major permeability 
contrasts being represented. The drillers log for Bullocky Bore (RNl 6465) records granite 
at 50 m, and the geophysical measurements for depth to basement at this locality affirms 
bedrock at this depth, contrasting greatly with the 190 m depth to basement detected 
beneath Thelma Bore (Figs. 2.8 and Al. l). The aquifer at Bullocky Bore is sandy clay and 
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gravel overlying the granite basement, and the standing water level is at 37 m depth. Thus, 
there are only, at most, 13 vertical metres of saturated sediments above a buried granite 
high at this locality, so the rates and volumes of throughflow northward from the Upper 
Derwent system must be limited. Complex relationships between the bedrock 
configuration and aquifer distribution probably exist elsewhere along the piedmont zone 
due to the presence of fault-bounded bedrock slices in the form of subsurface topographic 
highs that impede northward throughflow from the ranges, even though there are no 
impediments to surface water discharge from headwater catchments to the plains. 
A discrete, shallow aquifer (Bore RNl 1170) in weathered bedrock is present in the 
confined reach of Derwent Creek, south ofHaast Bluff, at the junction of Derwent and 
Arumbera creeks (the creeks are mapped in detail in Fig. 1.6). RNl 1170 is located in the 
southwestern corner of Figures 6.4 and 6.5. The water table here is at only 9.5 m (Fig. 
6.5), the weathered gneiss aquifer is at 18 m, beneath weathered sandstone and limestone 
(at 9-15 m depth), calcareous clay (at 3-9 m depth) and silty clay alluvium (0-3 m depth). 
Evidently, this is a perched aquifer and is probably poorly connected with other aquifers 
in the area, given the gneissic surrounds. The salinity of groundwater in this isolated 
aquifer is distinctive for the mountain region in that it is highly saline, and contains 
extremely high dissolved Mg, characteristics that are discussed further in Section 6.4. l. 
The interpreted tenuous hydraulic connectivity between the mountain valley aquifers in 
the MacDonnell Ranges and the main Cainozoic aquifers of Lake Lewis basin implies that 
the hydraulic head driving groundwaters lakeward probably relates more to the 
potentiometric level in the proximal piedmont zone, <590 m AHD, than that ofup-
gradient bedrock aquifers, >630-580 m AHD. 
6.4. HYDROCHEMISTRY: SALINITIES 
The term salinity in this thesis refers to Total Dissolved Solids (TDS) as determined by 
either weighing the solid residues after evaporation of water samples, or by summation 
of measured dissolved constituents. The concentration unit for salinity used here is 
milligrams per litre (mgC1).The term brine is reserved for fluids having salinities in 
excess of 100,000 mgL-1. The salinity of sea water, for comparison, is 35,000 mgL-1 
(Hem, 1985). 
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6.4.1. Basin groundwater salinities 
Nineteen bores from diverse settings across the basin were sampled for the present 
study; the sites are shown in Figure 6.6 and the hydrochemical data for these 
groundwater samples are given in Table 6.1. The ANU drill-hole at Titra Well was 
sampled on three separate occasions, as a test for interannual variability in aquifer 
chemistry (Section 6.6). Lycoming Bore was sampled twice, a year apart, as a 
laboratory check for isotopic analyses (Section 6.8.1 ). Data from a total of 130 bores in 
the study area are compiled in Appendix 4. 
The TDS data for 100 bores, including the 19 sampled for the present study, are 
contoured in Figure 6:7. Salinities of the basin groundwaters vary some two orders of 
magnitude from relatively fresh intake waters to >200,000 mgL·1 in brines beneath Lake 
Lewis. The most dilute groundwater sample is from RN4833 near Haast Bluff, on the 
Derwent Station-Haasts Bluff Aboriginal Land boundary, with 335 mgL·1 TDS and a 
HC03/Cl ratio of 3.8 (note, for comparison, that the TDS ofrainwater in Alice Springs 
is <7 mgL·1, and the TDS of Todd River water is 81-510 mgL·1, Table 6.6). The salinity 
gradient is well-defined in Figure 6.7, displaying a general increase in salinity from the 
mountains around the basin perimeter to the discharge zone. Near Lake Lewis the 
salinity gradient is very steep, with the transition from saline groundwaters of 5,000 
mgL·1 to concentrated brine of slightly over 200,000 mgL·1 generally occurring over a 
horizontal distance of only a few kilometres. At the landscape surface and near-surface, 
the brine pool is restricted to the main playas and the surrounding aureole of salt pans; 
the possibility that the brine pool is more distended at depth is considered in Section 
6.6. 
Most high quality, or potable, groundwater ( <1,000 mgL·1 TDS) in the basin is stored 
beneath the alluvial plain. Scattered pockets of generally slightly more saline 
groundwaters are present in bedrock aquifers beneath the mountain valleys in the 
MacDonnell Range. The bedrock aquifers are > 40 m deep, so the elevated salinities 
beneath the mountain valleys are not attributable to in situ evaporative concentration. 
These more saline occurrences in the mountain valley aquifers may relate to limited 
flushing for the reasons discussed above with respect to tenuous hydraulic connectivity 
between the bedrock aquifers and the Cainozoic aquifers in the piedmont zone. It is 
likely that long residence times due to impeded through-flushing northward from the 
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Table 6.1. Hydrochemical analyses of bores sampled for the present study. 
RN NAME STATION DATE AD(m) SWL (m) pH T°C TDS Ca Mg Na K HC03 S04 Cl N03 Si02 Fe 
343 PAOOYS* Narwictooma 23/08/95 ND 18 7 27 901 45 28 145 23 569 6 38 7 40 0.02 
635 JOKER Derwent 27/10/96 41 18 7.25 28 1270 78 53 309 21 342 320 298 21 68 0. 1 
1280 DASHWOOD X Glen Helen 25/10/96 72 60 7.29 28 1070 34 46 298 15 593 110 197 60 69 0.2 
1566 TITRA Nappcrby 4110196 4.6 4.6 7.05 29 1600 43 37 412 33 435 220 518 3 40 0.4 
1566 Tl'l'RA Nappcrby I 5110196 4.6 4.6 7.17 27 2120 66 53 593 44 700 270 718 II 71 0.2 
1566 TITRA Nappcrby 20/05/97 4.6 4.6 7. 16 27 1900 64 44 530 38 765 120 696 8 77 0.2 
3270 ACE* Derwent 16109195 25 18 7 25 740 46 34 84 28 458 10.2 31 6 43 0.02 
4940 NARWIETOOMA Narwietooma I Ill 0196 25 21 7.05 31 870 46 67 159 9 464 140 196 17 63 0.1 
6501 BUNGHARA* Narwietooma 4109195 49 45 7 28 770 71 38 109 13 466 13.8 100 3 33 0.02 
691 4 TWIGGY* Narwietooma 4109195 18 14 7 26 804 31 26 137 25 485 6 40 11 43 0.02 
6931 LYCOMING* Narwietooma 22/08/95 28 26 71 29 1059 93 63 170 20 287 38.8 357 6 24 0.02 
6931 LYCOMING Narwictooma 26/10/96 28 26 6.96 29 1770 164 92 214 25 312 230 595 36 52 0.1 
10370 BJGGLES Narwietooma 12/10196 51 46 6.87 33 2200 140 120 480 20 558 520 647 32 33 0.1 
11524 KIWI Narwietooma 11/10/96 ND ND 7.3 34 987 46 46 220 16 359 170 245 58 70 0.1 
14129 LEFT BOWER* Derwent 17/09/95 60 36 7 26 954 38 34 223 17 346 46 221 2 28 0.02 
15401 KADITCHA* Narwictooma 22/08/95 38 25 7 30 753 29 27 123 15 464 7 51 II 27 0.02 
15403 BROWSE Narwietoorna 12/10/96 12 9 7.16 28 810 34 30 186 26 451 120 130 31 72 0.1 
15481 AUNT AUDREYS Derwent 26/10196 20 18 7.33 28 1370 47 47 331 34 341 210 418 63 86 0.1 
15005 SIGMOID Narwictooma 23/ 10/96 25 10 7.1 30 4280 151 166 1090 48 417 690 1750 38 49 0.1 
15542 CHRISTMAS Narwictooma 23/ I 0196 56 47 7.19 27 1090 42 77 267 13 555 190 240 27 59 0.1 
15668 TILMOUTHW. Napperby 14/I 0196 19 15 7.53 28 962 18 11 294 24 566 93 170 14 89 0.1 
16883 TANAMJ RD Napperby 2110196 17 9 7.02 27 20900 29 315 3920 503 662 2900 4320 270 81 0.1 
RN= Registered number. All analyses are in mgl: 1. Repeat analyses for Titra drill-hole and Lycoming l3ore (1996-1997). Dore localities shown in Figure 6.6. DJ\SHWOOD X. = Dashwood Crossing Bore; 
NJ\RWIETOOMJ\ = Narwietooma Homestead Dore; TILMOUTH W. = Tilmouth Well Roadhouse Bore. TITRJ\: RN of original Titra Well assigned to J\NU drill-hole. Asterisks denote samples analysed by CS I RO 
Division of Land and Water, Adelaide; all other analyses by NT Department of I .ands, Planning and Environment, Water Chemistry Laboratory. AD = Aquifer Depth (metres); SWL =Standing Water Level (metres); 
TDS = Total Dissolved Solids; Fe analyses are for Total Fe; ND = No data. Grid references for bores given in Table A4 . l. Analytical techniques described in Appendix 2.3. pl-1 and Temperature measured in the field . 
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ranges result in protracted periods of water-rock interaction, with the groundwaters 
acquiring solutes from fractured, weathered bedrock lithologies to concentrations in 
excess of 1,000 mgL-1. The solute loads of groundwaters with TDS >1,000 mgL-1 in 
aquifers in the mountain valleys are dominated by high HC03, generally >500 mgL-1, 
plus relatively high Na and K. This suggests active weathering of silicate minerals and 
release of solutes to ambient groundwaters. 
The perched bedrock aquifer tapped by RNl 1170 (labelled, in the southwestern corner 
of Fig 6.7), described ahove, contains an exceptional 11 ,990 mgL-1 TDS. The shallow 
depth to water table here, at 9.5 m, and the inferred poor permeability of the weathered 
gneiss aquifer, along with the isolated location within the confined reaches of the 
bedrock-encircled valley, suggest complete segregation of this groundwater from other 
groundwaters in the area. The high TDS may reflect evaporative concentration of 
surface and near-surface waters in this perched, confined situation prior to their 
infiltration to the underlying aquifer. A very high Mg concentration, 632 mgL-1, well 
over double that of all other groundwaters away from the brine pool, is noteworthy, and 
may indicate input from weathering of a nearby amphibolite outcrop or of possible 
subcropping ancient dolomites in the Bitter Springs Formation in Mereenie Valley 
(Section 2.2), although elsewhere in the basin there is no recognisable chemical 
signature for input from the Bitter Springs Formation. The location of RNl 1170 
coincides with postulated ancient intermontane ponds or small lakes within the confined 
bedrock valley, discussed in Section 2.4, although the age of lake or swamp sediments 
here is not known. The locality may represent, not only the site oflocalised surface 
ponding in the past, but also near-surface ponding and evaporative concentration in the 
present hydrologic regime. 
Greater than two-thirds of the basin area contain groundwaters that are either fresh or 
fresh to brackish (<3,000 mgL-1); these aquifers underlie the alluvial plain across the 
southern half of the basin. Saline groundwaters, > 3,000 mgL-1, are present beneath the 
whole lacustrine plain, except beneath the Napperby Delta lobe where influxes of fresh 
water, via Napperby Creek, are typical. 
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6.4.2. Playa brine salinities 
Brine chemistry data are given in Tables 6.2 to 6.5, based on samples from four 
piezometers located at the East Lewis drilling site (location labelled in Figs. 3.3 and 6.3) 
and five pits dug into the playa at scattered sites across Lake Lewis (locations shown in 
Figs. 3.3 and 3.16). The piezometers, accessing brines from approximately 12, 6, 3 and 
1.2 metres depth below the playa surface (Piezometers A to D, respectively), were 
sampled during the years 1996 and 1999. Interannual or event-based fluctuations of 
brine chemistry in response to rainfall events are described in Section 6.6, and only the 
typical brine TDS is presented here for the purpose of characterising the basin salinity 
gradient. 
The piezometers, at all times, reflect a vertical salinity gradient, with more dilute brines 
near the playa surface and more saline, denser brines at depth. The average TDS for 
multiple analyses of brine samples from each depth are: 233,750 mgL-1 at 12 m depth, 
225,500 mgL-1 at 6 m depth, 184,900 mgL"1 at 3 m depth, and 161,333 mgL-1 at1.2 m 
depth (Table 6.5). The average TDS for 15 brine analyses from the piezometers over a 
4-year period is 203,773 mgL"1 (Table 6.5). IDS values for brine samples from the 5 
scattered playa pits range from 216,000 mgL-1 to 267,000 mgL-1 (Table 6.4), with an 
overall average of 239,400 mgL-1 (Table 6.5). The spatial variation in TDS across the 
playa is discussed in Section 6.6. The overall average brine salinity for 20 analyses, 
combining the data for the piezometer and pit samples for the study period, is 212,680 
mgL-1 (Table 6.5). It is apparent from the analytical data that the TDS of the brine 
samples is dominated by very high concentrations of dissolved Cr (average 111, 115 
mgL-1), So/· (average 21,260 mgL-1), and Na+ (average 77,245 mgL-1), discussed 
further in Section 6.7. 
The salinities of pore fluids - or interstitial brine - extracted from sediments in the East 
Lewis drill-core that was recovered in 1996 are given in Figure 6.8. Apart from the 
uppermost sample of modem playa sediment from 0.5 m depth in the core, all samples 
are of uniform Anmatyerre Clay. TDS values range from 166,000 mgL-1 to 236,000 
mgL-1, with no pronounced salinity/depth gradient. The TDS values are more variable 
in the upper five metres of the core, and remain close to 200,000 mgL-1 in the lower 
seven metres. In the uppermost 2 m, lower salinities may reflect only semi-saturation of 
interstitial pore spaces with brine near the fluctuating water table, close to the 
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Table 6.2. Total Dissolved Solids (TDS), Standing water table (SWL) levels and pH in the four 
piezometers during the period 1996-1999. accessing brine from 4 depths, as indicated. 
PIEZO A B c D 
Depth (metres) 12 6 3 1.2 
15/10/96 TDS (mg/L·1) 256000 250000 195600 dry 
SWL(m) l .6 1.2 1.2 1.25 
pH 7.1 7. 1 7. l l 
19/05/97 TDS (mg/L. 1) 233000 228000 182000 169000 
SWL(m) 0.95 0.4 0.7 0.84 
pH 6.6 7.26 6.93 7.57 
31/08/97 TDS (mg/L-1) 240000 234000 194000 162000 
SWL (m) 1.07 I. l 1.05 I.04 
pH 7.0 7.14 7.43 7.15 
5104/99 TDS (mg/L'1) 206000 190000 164000 153000 
SWL(m) 0.68 0.77 0.77 0.74 
pH 7.1 6.25 6.5 6.23 
Table 6.3. Chemical analyses of brines from East Lewis piezometers, sampled during the period 
1996-1999. 
October 1996 May 1997 
Piezo A Piezo B Piezo C Piezo D Piezo A Piezo B Piezo C Piezo D 
TDS 256000 250000 195600 dry 233000 228000 182000 169000 
Ca 586 2190 673 500 600 600 800 
Mg 1530 2230 1200 1800 1800 1300 1200 
Na 82500 76500 74000 83500 82000 66500 60000 
K 2870 3090 2410 3200 3000 2400 2400 
HC03 102 98 96 110 104 97 86 
so4 26000 27000 21000 21000 19000 18000 12000 
Cl 126000 126000 102000 108000 l 14000 88700 83300 
N03 14 13 12 12 12 13 17 
Si02 4 4 6 <l <l <I <l 
pH 7. 1 7. I 7.1 7.4 7.3 7.2 7.4 
T(oq 28 27 27 23.5 24.5 23 22.5 
Mg/Ca 4.3 1.7 2.9 5.9 4.9 3.6 2.5 
Na/Cl 1.0 0.9 1.1 1.2 1.2 1.1 1.1 
August 1997 April 1999 
Piezo A Piezo B Piezo C Piezo D Piezo A Piezo B Piezo C Piezo D 
TDS 240000 234000 194000 162000 206000 190000 164000 153000 
Ca 553 569 669 724 558 539 651 708 
Mg 1700 1640 1290 1040 1530 1550 1120 908 
Na 88100 84800 71500 61300 76200 76000 61600 53400 
K 3190 319 2620 2380 3070 3030 2530 2270 
HC03 88 78 78 50 70 76 75 56 
S04 21400 21700 17400 13600 23200 23400 17200 14300 
CI 118000 115000 99000 78700 124000 122000 95400 81200 
N03 ND ND ND ND ND ND ND ND 
Si0 2 3.7 1.6 3.0 0.9 5.3 4.7 5.0 2.8 
Al 0.2 0.2 0.2 0.4 0.7 0.8 0.5 0.2 
pH 7.0 7.1 7.4 7.2 7.1 6.3 6.5 6.3 
T (oq 23.5 23 23 25 29 28.5 27.8 28.8 
Mg/Ca 5.7 4.8 3.2 2.4 4.5 4.7 2.8 2.1 
Na/Cl 1.2 1.1 1.1 1.2 0.9 1.0 1.0 1.0 
Piezometer depths: A - 12 m, B - 6 m, C - 3 m, D - 1.2 m depth (dry in 1996); locations shown in Figs. 3.3 and 6.2. 
October l 996 and May 1997 collections analysed by the Water Chemistry Laboratory, NT Department of Lands, 
Planning & Environment (DLPE), Darwin; August 1997 and April 1999 collections analysed by the Groundwater 
Analytical Laboratory, the Australian Geological Survey Organisation (AGSO), Canberra. The AGSO analytical suite 
includes aluminium. Analyses are in mg per litre (mgL-1) . TDS: Total Dissolved Solids: detennined by drying at I80°C 
(DLPE) or refractometry (AGSO). pH and T measured in the field. Ionic ratios Mg/Ca and Na/Cl in rnilliequivalents 
(meqL.'). ND= Not detennined. 
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Table 6.4. Chemical analyses of brines from Lake Lewis playa pits. 
Pit 1 Pit 2 Pit 4 Pit 5 Pit 6 
TDS 267000 220000 232000 262000 216000 
Ca 406 491 520 362 485 
Mg 2690 2190 2730 3640 3150 
Na 94000 94000 82000 90000 87000 
K 3300 3050 2590 3720 4350 
HC03 32 62 27 58 53 
so4 31000 29000 26000 32000 11000 
Cl 120000 120000 130000 146000 125000 
N03 27 19 33 21 22 
. Si02 6 10 4 5 6 
pH 6.8 6.6 6.5 6.2 6.7 
T (OC) 28.5 30 25 30 28 
Mg/Ca 8.9 7.4 8.7 16.5 10.7 
Na/Cl 1.2 1.2 1.0 1.0 1.1 
Sample point locations: Pits 1, 2, 5, 6 in Figure 3.3; Pit 4 in Figure 3.16; (Pit 3 at Napperby 
Delta too muddy to filter). Pits are -1 m deep; brines sampled from the water table, 1996. 
Analyses by the Water Chemistry Laboratory, NT DLPE, Darwin. Analyses in mg per litre 
(mgL-1). Total Dissolved Solids (TDS) determined by drying at 180°C. pH and T 
determined in the field. Ionic ratios Mg/Ca and Na/Cl in milliequivalents (meqL-1). Table 
A4.2 gives all brine analyses in meqL-1• 
Table 6.5. Average brine chemistry for each of the four piezometers for the period 
1996-1999; average for the 15 piezometer brine chemistry analyses; average of the 
brine analyses for the five playa pits, and overall average brine chemistry for the 20 
brine analyses, piezometer and pit samples. 
AVERAGES 
Piezo A Piezo B Piezo C Piezo D All (!iezos All (!its Piezos & (!its 
TDS 233750 225500 183900 161333 203773 239400 212680 
Ca 549 975 648 744 728 452.8 659 
Mg 1640 1805 1228 1049 1456 2880 1812 
Na 82575 79825 68400 58233 73 193 89400 77245 
K 3083 2360 2490 2350 2585 3402 2789 
HC03 92.5 89 86.5 64 84.3 46.4 74.8 
S04 22900 22775 18400 13300 19747 25800 21260 
CJ 119000 119250 96275 81067 105420 128200 111115 
N03 13 12.5 12.5 17 13.3 24.4 17.9 
Si02 3.1 2.7 3.6 1.4 2.9 6.2 3.7 
Al 0.45 0.5 0.35 0.3 0.4 0.4 
pH 7.2 7.0 7.1 7.0 7.0 6.6 6.9 
T{oq 26.0 25.8 24.3 25.1 25.4 28.3 26.1 
Mg/Ca 5.1 4.0 3.1 2.3 3.7 10.4 5.4 
Na/Cl 1.08 1.05 1.08 1.1 1.1 1.1 1.1 
Analyses in mgL-1; ionic ratios in meqL-1. 
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DEPTH (m) TDS (mgl"'l 150 200 250 000 
0 ::·:,.·J.· .. ·.·: 
0.50 180 000 ,, :: :_.·.:·.; 
1.00 166 000 • -\ 
1.50 172 000 .. ,. 
1.80 200 000 I - -2 2.50 188 000 
3.00 200 000 '. 
3.30 200 000 \ \ - -4 4.25 228 000 ~ Figure 6.8. Pore fluid, or 4.80 236 000 • ~ 5.30 220 000 
' 
interstitial brine, salinities I u 
• in the East Lewis drill-5.75 214 000 -6 w 
~ e:: core (located at the 6.70 210 000 ~ e:: 
-
w 
piezometer site, Figs. 6.3 7.15 220 000 • ~ I 7.75 216 000 • 
-8 2 and 6.7); drilled in 1996 . 
8.50 214 000 i z The uppermost sample is I < 9.00 202 000 
. \ of modern playa sediment, 
9.50 217 000 • the underlying 11 metres 
10.00 209 000 • - -10 are of uniform i 
10.50 200 000 • Arunatyerre Clay; 
11.00 212 000 \ • - stratigraphy logged in Fig. 11 .40 212 000 
; 
• 3.4; pore fluid extraction 11.95 220 000 .~ -12 technique described in 
Appendix 2.2. 
Table 6.6. Chemical analyses of Alice Springs rainfall and Todd River water. 
Rainfall* Todd R.A Todd R.8 
TDS 6.91 # 80.90 510 
Ca 1.60 22.48 34 
Mg 1.89 27.16 40 
Na 1.22 11.31 77 
K 0.23 2.56 8 
HC03 0.64 12.62 273 
so4 0.62 <0.83 88 
Cl 0.71 3.95 68 
N03 ND ND 14 
SiO~ ND ND 38 
Mg/Ca 0.7 0.7 0.7 
Na/Cl 1.7 1.9 0.7 
*Rainfall data from Hutton (1983), average of 22 rain water samples (1958-1960); •Todd River sampled 
23110/61, from Hutton ( 1983); • Todd River water from Stott St. bridge, Alice Springs, from NT Water 
Resources, Sample No. 145897, sampled 29/06/88. Analyses in mg per litre (mgL"'). Total Dissolved Solids 
(TDS) for the Hutton analyses calculated by summation of analysed ions; TDS for the NT Water Resources 
sample determined by drying at J 80°C. Ionic ratios Mg/Ca and Na/Cl in milliequivalents (meqL"'). ND = Not 
determined. 
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evaporative front, and a correspondingly lower solute-load. In contrast, the sediment 
below the water table is, at all times, fully immersed in brine that contains >200,000 
mgL-1 TDS. The average TDS for the suite of 22 pore fluid samples is 206,000 mgL-1• 
Thus, there is no significant difference between the TDS of brines held interstitially in 
sediments and the TDS of free-flowing brines in the piezometers and playa pits, and the 
overall typical salinity is around 210,000 mgL-1. This is six times the salinity of 
seawater, 35,000 mgL-1 TDS. 
Lake Lewis is less saline than other Australian lakes (locations shown in Fig. 1.1 ); for 
example, Lake Amadeus, 228,254 mgL-1 (Jankowski and Jacobson, 1989); Lake Tyrrell, 
250,000 - 330,000 mgL-1 (Macumber, 1992); Lakes Bennett, 274,000 mgL-1, and 
Ngalia, 280,000 mgL-1 (G. Jacobson, AGSO, written comm., 1998); Lake Frome, 
308,900 mgL-1 (Draper and Jensen, 1976); Lake Eyre, 310,000 mgL-1 (Johns, 1962); 
Lake Gairdner, 313,150 mgL-1 (Johns, 1968); and Spring Lake, near Curtin Springs, 
east of Lake Amadeus, 353,312 mgL-1 (Jankowski and Jacobson, 1989). The lower 
salinity of Lake Lewis relative to lakes Ngalia and Bennett reflects the dilution effects 
of episodic surface water inflow to Lake Lewis whilst the neighbouring playas to the 
west are not fed by major creeks. Lake Lewis, on the other hand, is far more saline than, 
for example, Lake Buchanan, 87,600 mgL-1 (Williams, 1984), Lake Woods, 45,600 
mgL-1 (Williams and Buckley, 1976), and Lake Gregory, <24,170 mgL-1 (Bowler, 
1990). 
6.5. MAJOR ION CHEMISTRY 
Chloride ions tend to be the most conservative in a groundwater system in that chloride is 
rarely precipitated under dilute conditions and remains in solution along the hydraulic 
gradient, increasing in concentration towards a groundwater discharge zone. Chloride 
concentration, or "chlorinity", can therefore be used to map where the most fresh (low Cl) 
input waters and older, more evolved (high Cl) waters reside in a system. Input of most 
chloride in the Lake Lewis basin groundwater system is taken to be by rainfall and dry 
fallout from resuspended regional continental dust, with negligible contributions from 
weathering of bedrock that contain Cl in micas and amphiboles. Chloride concentration in 
rainfall near Alice Springs is around 0.71 mgL-1 (Hutton, 1983; Table 6.6) and in seawater 
is 19,000 mgL-1 (Table 6.7; Fig. 6.14). 
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Figure 6.9 maps the distribution of groundwaters with high bicarbonate concentrations, 
representing the highest quality groundwaters in the basin. Areas where the HC03/Cl 
ratio is > 1 are shaded (data from Table A4.2). These areas indicate lobes of bicarbonate-
rich groundwaters along the three main creeklines, Derwent, Dashwood and Napperby 
creeks, and in the proximal piedmont zone surrounding Mt Chapple and Redbank Hill. 
These aquifers containing relatively low chloride concentrations suggest negligible 
effects of evapotranspiration. Down-gradient, throughout the basin, chloride-rich 
groundwaters are dominant. In a simple hydrologic system where there is a well-defined 
salinity gradient, high HC03/Cl groundwaters may represent "recharging 
groundwaters". m Lake Lewis basin, some of the high HCOi Cl groundwaters are 
contained in bedrock aquifers within mountain valleys that appear to be poorly 
connected to the main basin because of intervening structural obstacles (Section 6.3.2) 
but most of the high HC03/Cl groundwaters in Figure 6.9 occur within the main 
recharge zones beneath the low-gradient alluvial plain, which are identified isotopically 
in Section 6.8. 
Ionic concentrations in Tables 6.1 and A4.2 show that total anion compositions exceed 
total cation compositions. This is because, conventionally, the analytical suite is limited to 
major cations. Additional cations likely to be sourced from the igneous and metamorphic 
rocks in the catchment include strontium, barium, manganese and boron, among 
numerous other minor and trace elements for which analyses are not available. 
Figure 6.10 shows the TDS concentration relative to chloride as a fraction of the total 
anion concentration for all analysed samples in the basin. Bicarbonate and sulphate ions 
dominate over chloride in fresh groundwaters (<1,000 mgL"1 TDS). The trend suggests 
that water-rock/water-sediment interactions are perhaps a more dominant process than 
evaporative concentration in the vicinity of the mountains and beneath much of the 
proximal alluvial plain, where water tables are moderately deep. With increasing salinity, 
chloride progressively becomes the more dominant anion, indicative of the cumulative 
effects of sediment-water reactions along the flow path and, more importantly, 
evaporative concentration of shallowing groundwaters down-gradient. Thus, a Cl 
concentration factor of 36 is represented along the gradient, from the groundwater sample 
with the lowest Cl concentration, Ace Bore (RN3270), in the Derwent Creek floodout, 
with 31 mgL-1 Cl (Table A4.2), to the playa brine with 111,115 mgL-1 Cl (Table 6.5). This 
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chloride concentration in Lake Lewis is 5.85 times the chloride concentration in seawater 
(Table 6.7; Figure 6.14). 
In natural waters, 'silica' refers to the oxide Si02 (aq) or silicic acid, H4Si04°. Because it 
does not behave like a charged ion, silica cannot be converted to milliequivalents per litre, 
and its pattern of behaviour along the Lake Lewis basin hydraulic gradient is, therefore, 
illustrated in terms of concentrations of Si02 (mgL-1) versus chloride concentration 
(mgL-1) in Figure 6.11. As chloride concentration increases to high levels, ~20,000 mgL-1, 
there is a significant decrease in dissolved silica, from typical up-basin concentrations of 
50-100 mgL-1 Si02 in the groundwater to less than 10 mgL-1 in playa brines. This is the 
result of precipitation of opaline and chalcedonic silica from shallowing saline 
groundwaters as they approach the playa, which is described in detail in Section 7.3. 
Figure 6.12 shows the relationships of the concentrations of individual anions and cations 
to chlorinity in x-y log-log scatter plots, aimed at recognising the main chemical processes 
in the groundwater system. Trends for Na (a), K (b ), and Mg ( d) versus Cl all show 1: 1 
correlations in concentrations ofrespective ions relative to chloride. These linear trends 
indicate concentration down the hydraulic gradient with no significant precipitation of Na, 
Kor Mg salts. Saturation with respect to halite, NaCl, requires TDS concentrations near 
300,000 mgL-1 (Haner, 1994) and Lake Lewis brine salinity is substantially below this 
critical threshold, so Na and Cl concentrations progressively increase and only 
efflorescent halite on the playa surface is produced from the Na-Cl-rich brine, described 
in Section 6.6. Authigenic formation of analcime, Na[A1Si20 6]·H20, occurs beneath Lake 
Lewis (Section 7.4), but the amount of Na being sequestered for this diagenetic phase 
evidently is small compared to the abundance of Na available in the brine reservoir. 
Figures 6.12 and 6.13 show concentrations of major ions with respect to er concentration 
and TDS in the groundwater and the brine pool. The data show two contrasting patterns: 
(i) linear proportionality between a given ion and er or TDS up to the highest observed 
concentrations, and (ii) a linear relationship up to a threshold concentration, beyond which 
the ratio of the given ion to Cr or TDS decreases. The threshold in these cases is likely to 
be the concentration point at which precipitation of a particular mineral commences. 
Cations that show type (i) relationships to TDS and er include Na+ and K+; and anions Cr 
and so/-versus TDS show the same pattern. Ca2+ and HC03-, on the other hand, show 
type (ii) patterns. The Ca2+-Cr trend declines sharply at [Cr] .:::'.3000 meqL-1, which almost 
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333 

Chapter 6. Hydrological Processes 
certainly reflects the threshold of gypsum precipitation (Fig. 6.12c ). That SO/- does not 
show a corresponding decrease in Figure 6.12 (f) or 6.13 shows that so/- is in excess 
with respect to Ca2+. Bicarbonate shows a similarly sharp decrease with respect to er 
from about [Cl] :::500 meqL-1, which is inferred to be the threshold of calcite precipitation. 
The relationship between TDS and Mg is an (i) type up to IDS - 100,000 mgL-1 (Fig. 
6. l 3a), whereupon some Mg is lost from solution. This probably indicates minor Mg 
exchange for Ca in calcite or clay minerals (although this is not strongly reflected in 
Figure 6.12d), discussed further below. 
Whilst availability ofHC03 is the limiting factor to present-day calcite precipitation, 
availability of Ca is the limiting factor to current gypsum precipitation in the playa, even 
though there is an abundant supply of S04 in the brine pool (>20,000 mgC1, compared to 
<700 mgL-1 Ca, Table 6_5). Thus, the Lake Lewis brines are saturated with respect to 
gypsum although the threshold imposed by low Ca concentrations may restrain the rate 
and amounts of contemporary gypsum precipitation. 
Overall, the anionic and cationic trends indicate that evaporative concentration is an 
important process determining the chemical composition of Lake Lewis waters. 
Progressive removal ofH20 by evaporation through subaerial exposure results in the 
succession of evaporite minerals - calcite, poorly-crystalline silica, and gypsum - and the 
accumulation of dense, solute-laden brine for infiltration down into underlying sediments. 
An overview of the full groundwater evolution path, based on major ion chemistry, is 
summarised in Section 6.7. 
Dolomitisation 
The slight deflection in the Mg trend in Figure 6.13 (a) suggests that minor protodolomite 
may be forming from calcrete in the basin, although there is no major sequestering of Mg 
from the brines. Dolomitisation is apparently not an important process in Lake Lewis 
basin, and dolomite has not been detected in XRD analysis of carbonate samples from 
drill-core below the water table in the calcrete aureole (Section 7.3). Dolomitisation is 
likely to occur in the zone of rapid salinity increase at the brine pool margin where there is 
a high aqueous Mg/Ca ratio, particularly where Ca is being removed for gypsum 
formation. Jankowski and Jacobson (1989) note that dolomitisation generally begins when 
the Mg/Ca ratio increases to about 5-10. In Lake Lewis basin, Mg/Ca ratios generally only 
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exceed 2.5 in the brine pool itself (Tables 6.3 to 6.5) or where high Mg is directly 
associated with runoff zones surrounding mafic metamorphic rocks. The latter reflects 
direct input from the Mg-rich lithology rather than groundwater evolution and/or ion 
exchange reactions in the aquifer matrix. Thus, the increase in Mg concentrations with 
increasing chlorinity is cumulative, and despite the broad range in Mg concentrations in 
fresh to brackish groundwaters, a linear trend for Mg versus Cl is observed for saline to 
hypersaline waters, Fig. 6.12(d). This situation contrasts with that documented in calcretes 
in Lake Amadeus basin where dolomitisation of Quaternary calcrete is common 
(Jankowski and Jacobson, 1989). This may be because the Amadeus playa chain overlies 
the Proterozoic Bitter Springs Formation that includes easily leached, ancient dolomites, 
which are probably contributing abundant dissolved Mg to present-day groundwaters 
around Lake Amadeus, and maintenance of maintain high Mg/Ca ratios. 
An additional consideration with respect to the lack of dolomitisation in Lake Lewis 
basin may relate to the location of the calcrete aureole shoreward from the Mg-rich 
brine pool. Calcrete surrounding the playa is evidently a fossil landform within the 
lacustrine plain (Sections 4.4 and 5.3) and may have precipitated long before dissolved 
Mg accumulated to the present high concentrations in the brine pool. Thus, there may 
be little interaction between the calcrete zone and the lakeward brine pool, and limited 
dolomitisation occurring. Further, pre-existing biogenic, or bio-induced carbonates 
precipitated in shallow-water lacustrine sediments may be a favoured host for 
dolomitisation (J. Magee, ANU, pers. comm., 2001), and such sediments are not known 
from Lake Lewis basin. Additional impediments to Mg substitution for Ca ions in 
calcrete at Lake Lewis may include kinetic factors, the neutral pH - rather than a high 
pH - and generally slow rates of formation of protodolomite. 
Nitrate and iron 
Throughout Lake Lewis basin, nitrate concentrations exceed the potability threshold of 10 
mgL-1• N03 concentrations >50 mgL-1 are not uncommon and concentrations up to 365 
mgL-1 occur (Table A4.2). This situation is fairly characteristic for Australian arid-zone 
groundwaters and is attributed to flushing ofN03 through the unsaturated zone which 
lacks denitrification activity and transference of N03 into aquifers (Barnes et al., 1992). 
The nitrate originates in termite mounds (Barnes et al., 1992) and, to a lesser extent, from 
nitrogen fixed by mulga, Acacia aneura (Harrington et al., 2000). 
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Whilst iron is a prominent component of the regolith in Lake Lewis basin, and is 
particularly conspicuous because of its intense red, highly oxidised state in the surface 
landscape, dissolved Fe (total) concentrations in groundwaters basin-wide are low, 
generally substantially less than 0.2 mgL-1, with rare outliers exceeding 5 mgL-1 (Table 
A4.2). Low iron concentrations are typical for most groundwater systems because of the 
chemical behaviour of iron and its solubility in water. Original sources of iron include 
minerals such as biotite, amphibole and magnetite in which the iron is largely in the 
ferrous, Fe2+, divalent state. After aggressive exposure to water, released iron is generally 
reprecipitated, in oxidising conditions, as iron oxide minerals such as hrematite and 
goethite, or, in reducing conditions, as iron sulphides (Sections 7.5 and 8.2.2). Most iron 
in solution in the normal pH range is ferrous iron, Fe2+; ferric iron, Fe3+, is only soluble in 
extremely acidic waters (Hem, 1985). In Lake Lewis basin, where the pH is consistently 
circum-neutral (basin groundwaters pH range: 6.87-7.53 (average pH 7.1), brines: pH 
range 6.2-7.4 (average pH 6.9); Tables 6.1to6.6), most Fe in groundwaters is assumed to 
be Fe2+. Hem (1985) notes that groundwaters in the pH range 6-8 can be sufficiently 
reducing to retain as much as 50 mgL-1 of ferrous iron where bicarbonate activity is low. 
Iron concentrations of>SmgL-1 in several samples in Lake Lewis basin may have been 
acquired through reaction between oxygenated waters and sulphide-bearing sediments 
such as the chemically reduced palaeolacustrine Tilmouth beds, which would result in a 
solution containing both ferrous iron and substantial sulphate. 
Comparison with seawater 
Table 6. 7 presents representative Lake Lewis basin groundwater and brine chemistries 
compared with the composition of seawater. The three sets of data are plotted in Figure 
6.14. The groundwater major ion data are averages for 10 bores from scattered sites across 
the alluvial plain, sampled for the present study (RN343, Paddys; RNl 280, Dashwood 
Crossing; RN3270, Ace; RN4940, Narwietooma Homestead; RN6501, Bunghara; 
RN6931, Lycoming; RN10870, Biggies; RNl 1524, Kiwi; RN15005, Sigmoid; RN15668, 
Tilmouth Well; data from Table 6.1; sites shown in Fig. 6.6). The ionic ratios (Table 6.7) 
show similar Cl/Na for seawater, Lake Lewis groundwaters and brine. Cl/S04 for 
seawater and the Lake Lewis brine are similar, although typical basin groundwaters have 
a lower Cl/S04 ratio (cf. Fig. 6.1 Of). A high Cl/Ca ratio in the brine and low Cl/Ca in 
basin groundwaters reflect precipitation of most of the available Ca as calcite and gypsum 
337 
Table 6.7. Composition of seawater (from Goldberg et al. , 1971); Lake Lewis brine chemistry 
(average of20 analyses); and representative groundwater chemistry (IO samples from scattered 
bores across the alluvial plain, data from Table 6.1 ) in mgL-1• Ionic ratios in meqL-1• 
TDS Ca Mg Na K HC03 so4 Cl N03 Si02 
mgL"1 
Seawater 35000 410 1350 10500 390 142 2700 19000 
Brine 212680 659 1812 77245 2789 74.8 21260 111115 
Groundwater 1383.9 69 61.9 304.9 21.6 473.7 179.1 8 
lONIC RATIOS CUN a Cl/S04 CU Mg Cl/Ca Na/K 
Seawater 1.2 9.6 4.8 27 46 
Brine 0.93 7.1 21 95 47.3 
Groundwater 0.85 2.8 2.2 3.7 13 
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Figure 6.14. Semi-logarithmic graph for major ions (mgV) in seawater (dotted line) and Lake 
Lewis groundwater (solid line) and brine (dashed line). [Schoeller diagram template after Hem, 
1985]. 
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near or at the playa and conservation of Cl in the final solution. Seawater and Lake Lewis 
brine have the same Na/K, indicating the advanced stage of evaporative concentration of 
Na compared to basin groundwaters. Despite the variations in the ionic ratios, Figure 6.14 
emphasises the overall resemblance of the Lake Lewis brines to seawater composition for 
most major elements. The typical Lake Lewis groundwater chemistry is similar to the 
composition of seawater although with higher HC03. This reflects the accumulation of 
HC03 in recharge areas through interaction of percolating rainwater with C02 in the soil 
zone, whereas the Lake Lewis brine reflects sequestering of HC03 in the up-gradient 
CaC03 precipitation zone, i.e., loss of acquired HC03 between the recharge and discharge 
zones. The HC03 trend for seawater, similarly, reflects loss of bicarbonate to precipitation 
of CaC03 in the oceanic setting. Although the scales are exponential in Figure 6.14, the 
general picture conveyed is that the Lake Lewis brine is similar to the composition of 
seawater. The correspondence in Na and Cl concentrations, relative to the other ions, in all 
three aqueous environments is most conspicuous, whereas catchment enrichment is 
apparent for HC03. 
6.6. SURFACE WATER-GROUNDWATERINTERACTIONS 
Lake Lewis is subject to shallow flooding every few years when surface water of tens of 
centimetres depth can cover much of the playa surface. Major inundations involving a 
metre or more of surface water occur on decadal time scales. Recent examples have 
followed intense summer rainfall events in 1973-76 and 1982-83. Extremely high 
rainfalls in 1920-21, 1885-86 and 1877-79 (Fig. 1.10) probably also resulted in 
substantial inundations of the playa. Strandlines around the playa margins and islands 
(Figs. 3.3, 3.15 and 4.1), lake-shore terraces (Plates 1.2 and 3.5; Figs. 3.3, 3.15 and 
3.20), and modem playa sediments (Figs. 3.21; Plate 3.13), are all legacies of 
substantial inundations of one to a few metres depth (Section 3.6). 
6.6.1. 1997 Inundation 
Recently, in the summer of 1996-1997, shallow surface water accumulated in Lake 
Lewis after approximately 300 mm of rain. This event, bringing slightly more than the 
annual rainfall average of 280 mm, provided an opportunity to observe the effects of 
very shallow surface water on the playa and its underlying brine pool as part of the 
present study. Figure 1.12 is a time-sequence of Landsat TM images of Lake Lewis 
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basin before and after this summer rainfall and shows the inundation of much of the 
lake. Most of the floodwater arrived at Lake Lewis via Napperby Creek in January and 
February 1997. Once this water body reached the southern margin of the lake, it was 
subsequently driven by wind across the playa surface towards western fetches (R. 
Chisholm, Napperby Station, low-level aircraft observations, pers. comm., 1997). Prior 
to this shallow inundation, rainfalls had been below average in the period 1994 to 1996. 
Lake Lewis had been dry, groundwater discharge had dominated processes at the playa 
and a moderate efflorescent salt crust had developed up to late 1996 (e.g., Plates 1.1, 1.2 
and 3.16). 
Table 6.2 gives the TDS, water table level and pH of the piezometers at four separate 
times during the 4 year period, 1996-1999, and Table 6.3 gives the chemistry for brine 
sampled from the piezometers in each of these years. The initial TDS analyses (1996) 
show a range of salinities in the brine pool from 195,600 mgL-1 in Piezometer C, in 
which slots sourced brines from approximately 3 metres depth, to 256,600 mgL-1 in 
Piezometer A, in which slots sourced brines at nearly 12 m depth. The water table in 
Piezometer D at this time was slightly below the slots at 1 m depth, near the base of the 
piezometer, and could not be sampled. Standing water levels in the other three 
piezometers were in the range of 1.2 to 1.6 m depth (Table 6.2). A vertical salinity 
gradient is represented for the 1996 data, with more saline, denser brines present at 
depth. The shallow surface water inundation of the eastern half of the playa in early 
1997 resulted in a rise in water level in all piezometers, to < l m depth beneath the playa 
surface, and dilution of the brine by approximately 20,000 mgL-1 in response to 
infiltration of the less saline surface water. Later in 1997, there was a slight increase in 
salinities in the three deeper piezometers and an overall lowering of the water table to 
slightly more than 1 m depth below the playa surface. In Piezometers A-C, increased 
salinity in 1997 is attributed to resumed evaporative pumping and evaporative 
concentration of solutes. The salinity in Piezometer D remained relatively low, perhaps 
because a thin lens of less-saline brine, inherited from the preceding lakewaters, 
remained suspended in the clay at this site slightly above the top of the main brine body. 
In April 1999, salinities in all four piezometers were more dilute, probably in response 
to infiltration of >200 mm of diffuse rainfall between Octoberl 998 and March 1999. 
During the 4-year period, regardless of the TDS of each piezometer, a vertical salinity 
gradient was maintained at each point in time, with more dilute brines near the water 
table and more saline, denser brines beneath. The recurring vertical salinity gradient 
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indicates gravitational sinking of dense, solute-laden brine or surface-down dilution 
effects from ephemeral waters arriving at the lake from the flood event. Interchange 
between the surface to sub-surface groundwater pool may be implied. Brine pH 
remained close to neutral, although with minor lowering to <7 following surface water 
infiltration, then a return to slightly >7 during dry months (Tables 6.2 and 6.3). Modest 
elevation of pH following surface water infiltrations may relate to biochemically-
influenced redox reactions affecting H+ activity, as described in Section 7 .6. 
The rainfall in early 1997 did not appreciably influence the salinity, major ion chemistry 
or pH of groundwater in the ANU Titra drill-hole, 5 km south of the playa (analyses 
from samples taken before and after the rainfall event are included in Table 6.1 ). The 
uncased drill-hole, with its high water table at 4.6 m depth, however, did attract 
construction of a termite mound over the hole in late 1997. 
Spatial variation in brine TDS is observed from different parts of Lake Lewis. Five pits 
in the playa were sampled in 1996; the locations are shown in Figures 3.3 and 3.16, and 
brine chemistry analyses are given in Table 6.4. Pit 1 is near Cliff Island in the eastern 
half of Lake Lewis; Pit 2 is in the northeastern arm, towards Napperby Delta; Pit 4 is in 
the far western part of the playa; Pit 5 is in the southeastern arm, towards the Causeway; 
and Pit 6 is in the eastern arm, towards Wirmbrandt Rock (Pit 3, in Napperby Delta 
apron, was too muddy for filtering and was not analysed). The brine salinities range 
from 216,000 (Pit 6) to 267,000 mgL-1 (Pit1). The least saline brines are from pits 
located near Napperby Delta and the playa-fringing inselbergs (Wirmbrant Rock), and 
the more saline brines are further from sources of fresh inflow or runoff waters. Thus, 
the brine pool responds to dilution from local runoff areas. 
Plate 6.3 illustrates the playa surface in May 1997, 2 - 3 months after the flooding and 
solution of the 1994-1996 efflorescent salt crust and subsequent evaporation/infiltration 
of the surface water. Plate 6.4 illustrates polygonal desiccation mud cracks that 
appeared in much of the playa surface at this time. The inundation had resulted in a 
burgeoning of invertebrate aquatic life, including crustaceans such as brine shrimp 
(Artemia salina) and conchastracon, the remains of which persisted on the playa surface 
after the lakewater had evaporated/infiltrated (Plates 6.5 and 6.6). Brine shrimp can 
withstand salinities up to 300,000 mgL-1 and high temperatures (Geddes, 1981). Their 
adaptations enable survival of the drying of salt lakes; as surface water begins to 
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evaporate, the shrimp lay fertilised eggs that are not affected by desiccation; the eggs 
either remain in the dried mud or are transported elsewhere by wind or on the feet of 
birds (Geddes, 1981). Chitinous conchostracans are common inhabitants of shallow and 
ephemeral pools, and, during floods they can be flushed into adjacent salt lakes where 
they usually die when water salinity approaches 5,000 mgL·1 (De Deckker, 1988). 
Accumulations of conchostracans along the Lake Lewis shoreline were observed by P. 
De Deckker in 1984 during the SLEADS drilling program (P. De Deckker, ANU, pers. 
comm. 1997). 1984 was the fourth consecutive year of exceptional rainfall, of 327-540 
mm/yr, and inundation of Lake Lewis, and it is probable that the conchostracans were 
flushed into the lake from Napperby Creek during this period ofrepeated surface water 
influxes as well as during the 1997 flooding. 
Scalloped strandlines of detritus, including desiccated algae, carcasses and carapaces of 
aquatic invertebrates, and faecal pellets ofreworked lacustrine clay, marked the 1997 
water level recession in Lake Lewis (Plate 6.7). Young samphires (Halosarcia sp., 
Chenopodiaceae) sprouted in the edges of the playa in the weeks following inundation 
and subsequent evaporation/infiltration of floodwaters . Fresh salts effloresced in 
slightly elevated parts of the playa surface such as around the base of the islands where 
the substrate is composed of porous sands derived from the island cliffs, although the 
flat, lower playa surface of more clay-rich sediment remained water-logged with brine 
for over a year. As the brine-infused mud began to desiccate, and as evaporative 
pumping within the capillary zone resumed, fine-grained efflorescent halite emerged 
across large areas of the playa surface. In sheltered pockets of buckled sediment, 
interstitial brine from the capillary fringe effloresced in delicate halite filaments (Plate 
6.6). 
Additional to efflorescent halite, cubic halite crystals formed on the surface of localised 
standing brine that had ponded against the Causeway embankment. Surface waters from 
the rainfall had accumulated in the southeastern arm of Lake Lewis but were cut-off 
from the main lake by the embankment (the site is shown in Fig. 3.3 and Plate 3.5). In 
this situation an artificial evaporation pond was created, separate from the main playa, 
and intense evaporation produced small, ephemeral, supersaturated brine ponds of <10 
m z. 
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Plate 6.3. View northward across the damp mud surface of Lake Lewis following 
inundation of the playa and infiltration of surface water after solution of the pre-
existing salt crust. Cuestas of Stuart Bluff Range on the northern horizon. The mirage 
effect is probably caused by refraction of solar radiation from the high albedo playa 
surface. 
Plate 6.4. Desiccation mud cracks in the playa, May 1997, following floodwater 
inundation, February-March 1997, and subsequent evaporation of surface water and 
drying of the clay surface. GR NAPPERBY 246603. 
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Plate 6.5. Carcasses of brine shrimps (Artemia sp.) to 30 mm length, in strandlines at 
the prior water level at the edge of the playa following surface water inundation of 
Lake Lewis in February-March 1997. GR NAPPERBY 246603. 
Plate 6.6. Chitinous carapaces of conchostracan crustaceans, legacy from the 1997 
floodwaters from Napperby Creek, that have been windblown into pockets in buckled 
playa crust, August 1998. Delicate fibres of effiorescent halite have crystallised on the 
mud through capillary rise and dehydration of interstitial brine after the inundation. 
GR NAPPERBY 245603. 
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Plate 6. 7. Scalloped strandlines of desiccated 
algae, detritus and crenellated mud marking 
the recent water level that, at this locality, 
lapped the base of Dingo Island. Young 
samphire (Chenopodiaceae) have sprouted in 
the weeks since inundation of the playa and 
fresh halite is effiorescing on slightly elevated 
surfaces above the high water table where 
more porous substrate has dried out. GR 
NAPPERBY 246604. 
Plate 6.8 (a) and (b). 'Pancake' or 'water-lily 
pad' textured playa surface associated with 
sulphate reduction and excess near-surface 
water; fresh effiorescent crust has been 
dissolved around each HP expulsion vent; 
location near Dingo Island. 
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The emergence of algae, crustaceans and faecal material in Lake Lewis in early 1997, 
along with detrital organic matter brought into the lake in floodwaters from Napperby 
Creek, resulted in a major increase in biomass in the lake. This was a catalyst for a 
series of chemical reactions involving gypsum, sulphate-reducing bacteria, organic 
material, and iron in the lake sediments. Near-surface sediments in low-lying parts of 
the playa were transformed into black sulphide-rich mud, illustrated in Plate 3 .18. 
Plate 6.8 shows the playa surface in August 1998, with an unusual pattern of expulsion 
vents discharging water to the playa surface to form 'pancake' or 'water-lily pad' 
textures. Similar features observed by P. De Deckker during the 1984 SLEADS drilling 
program at Lake Lewis were associated with enclaves of sulphate reduction (P. De 
Deckker, pers. comm., 1997). Sulphate reduction generates excess H20 by the reaction: 
(Trudinger et al., 1985; Warren, 2000), discussed further in Section 7.6. Thus, the 
'discharge vents' (Plate 6.8) are probably outlets for H20 and C02 generated by sulphate 
reduction in the water-logged near-surface environment. 
By mid-1998, large gypsum crystals had formed within a sandy layer of playa sediment 
at 1 m depth, near the water table. The lozenge-shaped gypsum crystals are illustrated in 
Plate 3.14. They are up to 4 cm long, hemi-pyramidal in form, and incorporative, having 
included reddened quartz sand grains in concentric growth layers. The crystals took at 
least 18 months to precipitate, which is rapid, given their size and perfect crystallinity. It 
is probable that, had the water table coincided with a clay layer of sediment, growth 
may have been much slower because of lower permeability and porosity, the crystals 
would have been smaller, and displacive in form - rather than incorporative - pushing 
aside clay particles during slow growth. 
The persistence of water-logged conditions at the playa for longer than a year after such 
a modest rainfall, of little more than the average annual precipitation, was probably 
enhanced by local recharge from fresh intake waters that had percolated directly through 
playa-fringing dunes to the brine pool (such as illustrated in Fig. 3.18). Additionally, 
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modest recharge in the neighbouring shallow karstic calcrete aquifers may have taken 
several months to flow horizontally lakeward. 
6.6.2. Brine reflux 
The event-based observations of hydro logic processes at Lake Lewis during the period 
1996-1999 demonstrate significant surface water-groundwater interactions and indicate 
that reflux processes are operating between the playa and the underlying brine pool, 
with salt accumulations in the playa being episodically refluxed back into the 
underlying system. Near-surface brine, including the area covered by the main playas 
and the surrounding aureole of salt pans (Fig. 6. 7), encompasses 650 km2 . A 
pronounced vertical salinity gradient in brine beneath the playa is evident, regardless of 
the dynamics occurring at the playa surface, and gravitational sinking of dense, solute-
laden brine was inferred above with respect to the uppermost 12 m of the brine pool 
(based on data from Tables 6.2 and 6.3). It is probable that brine saturates Cainozoic 
sediments underlying Lake Lewis - namely, the Anrnatyerre Clay aquifer- down to 
impermeable basement rocks. It is assumed that salt has been accumulating at Lake 
Lewis since hydro logic closure of the basin, i .e., since 'Tilmouth palaeolake times' 
(Chapter 5). 
The salinities of various Australian salt lakes, cited in Section 6.4.2, indicate that Lake 
Lewis is amongst the least saline of the large salt lakes, which may suggest that the 
volume of stored salt is perhaps less here than beneath other salt lakes. The dimensions 
of the brine pool beneath Lake Lewis are not known, and the uneven basement 
topography beneath the lacustrine clays further complicates the picture. The depth to 
basement in and surrounding the playa is highly variable. Granite outcrops at 
Wirmbrandt Rock and biotite gneiss subcrops at 11 m depth beneath the eastern edge of 
the playa (NAPPERBY-8 drill-core, Figures 2.5, 3.5(a) and 3.10). Anmatyerre Clay 
continues downward to at least 28 m depth beneath Lake Waudby (Fig. 4.4) and, 
according to seismic reflection data, to approximately 80 m depth beneath the 
southeastern arm of the main playa (Figs. 2.9 and 6.2). Additionally, airborne magnetic 
data indicate basement heterogeneity elsewhere beneath Lake Lewis (Fig. 2.5). The 
geometry of the brine pool at depth is therefore expected to be highly irregular and the 
represented volume is difficult to constrain. 
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The salinity gradient surrounding Lake Lewis is steep (Figs. 6.7 and 6.15), where saline 
groundwaters of 5,000 mgL-1 TDS increase to 200,000 mgL'1 TDS brines over a few 
horizontal kilometres (except near the Amphitheatre and east of Wirmbrandt Rock 
where highly saline groundwaters, 20,000 mgL·1 TDS, appear to be at least partially 
blocked from Lake Lewis by basement structures). The steep salinity gradient may 
implicate the presence of a sharply-defined halocline within the Arunatyerre Clay 
aquifer beneath the outcropping brine pool margins, and a salt wedge at depth, 
overlying impermeable basement. The nature of the "mixing zone" between the brine 
pool - which may be diffusing salt laterally at depth - and moderately saline 
groundwaters flowing towards the discharge zone is not known and unlikely to be static. 
The three-dimensional hydrologic structure and the balance ofrecharge and discharge at 
Lake Frorne is discussed by Bowler (1986). Lake Frome playa (location shown in Fig. 
1.1) covers an area of 2,550 km2 ; it has a substantial halite crust and an expanded brine 
body extending to 60 m depth, which imposes its influence over large areas (Bowler, 
1986). The brine pool at Lake Tyrrell has been described by Teller et al. (1986) and 
Macumber (1992); the playa covers 170 km2, including a substantial halite crust, and 
the underlying dense brine body covers an area of approximately 400 km2• A reflux 
origin for the brine pool beneath Lake Tyrrell was identified by Macumber (1991) by 
comparing Cl/Br ratios of the playa brines and regional groundwaters. Parent 
groundwater from the regional Parilla Sand aquifer was evaporated and the solutes 
recycled, rather than solution of any pre-existing salt body functioning as a source of 
salt. The Lake Tyrrell brine pool extends downward some 70 m to the Geera Clay 
aquitard. Towards its base, it is distended laterally a few kilometres beyond the surface 
exposure in Lake Tyrrell playa, creating Ghyben-Herzberg interfaces with more dilute 
groundwaters in the regional Parilla Sand aquifer and with less dense brines from 
neighbouring playas (Macumber, 1992). 
Subsurface brine descent beneath salt lakes has been experimentally and theoretically 
investigated by Wooding et al. ( 1997 a; 1997b ), and, in the Murray Basin saline 
wastewater disposal basins, has been studied by Ferguson et al. (1992) and Jacobson et 
al. (1994). The work of Wooding et al. (1997a; 1997b) focuses on convective 
groundwater movement in aquifers beneath and adjacent to saline lakes and the 
subsurface distribution of salts, particularly downward penetrating salt fingers or 
plumes developed from the unstable boundary layer of an evaporative salt lake. The 
351 
Chapter 6. Hydrological Processes 
concentration of salts at the playa surface leads to an unstable distribution of density 
with the rates of evaporation and the permeability of the aquifer being the principal 
controlling factors of salt plume development (Wooding et al., 1997a). The Murray 
Basin investigations of Ferguson et al. (1992) and Jacobson et al. (1994) identified two 
main hydrodynamic systems operating within the same climatic regime and the same 
general environment, with the differences determined by the type of sediment below the 
saline basins. Where permeable sand aquifers are present, salt sinks advectively 
downward. Where less-permeable clays are present, slow diffusional transport of salt 
downward occurs. At Spring Lake, east of Lake Amadeus, diffusive sinking of 
accumulated salt occurs despite continuous upward flow of groundwater (Jacobson and 
Jankowski, 1989) 
At Lake Lewis, downward advection of salt may be applicable in sandy layers of 
modern playa sediments of the uppermost 0.5-1 m, where these are present, and in 
Napperby Delta, potentially facilitating rapid initial infiltration of ephemeral saline 
lakewaters. On the other hand, diffusion of salt is probably the main dynamic below 1 m 
depth, i.e., within the bulk of the brine pool, because of poor hydraulic conductivity in 
the thick, dense Anmatyerre Clay beneath the playa. Salt movement downward 
obviously occurs despite the upward pressure gradient of discharging basin 
groundwaters. The arrival of up-gradient saline groundwaters at the discharge zone is 
probably concentrated along spring zones near the playa margins, with the less-dense 
basin groundwaters deflected upwards along the interface with brines, analogous to the 
situation at Lake Tyrrell (Macumber, 1992), and as illustrated in Figure 6.15. 
Chloride input has no doubt been highly variable since the Middle - Late Pleistocene, 
when hydrologic closure of Lake Lewis basin may have occurred (Section 9.2). 
Intensified aridity associated with the glacial periods would have brought less dissolved 
Cl in rainfall, by virtue of reduced rainfall overall. Additionally, increased Cl dry fallout 
from resuspended regional continental dust occurs during periods of deflation and 
increased windiness. A proportion of the Cl store in the basin has no doubt been lost by 
deflation of efflorescent NaCl from the playa surface although the basin has probably 
equally been the recipient of NaCl dryfall from other sources in central Australia. 
Notwithstanding fluxes in the Cl inventories, the chlorinity of the Lake Lewis brine, at 
111,115 mgL-1 Cl (Table 6.5), represents 5.8 times the chlorinity of seawater (19,000 
mgL-1; Table 6.7; Fig. 6.14) and 156,500 times the approximate chlorinity of present-
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day local rain (0.71 mgL-1 Cl; Hutton, 1983; Table 6.6). This provides a rough 
indication of the degree of concentration of solutes since the time that Lake Lewis was a 
well-flushed, freshwater overflow lake. 
Because the three dimensions of the brine pool are not well constrained, the quantity of 
salt stored beneath Lake Lewis is difficult to estimate. Rough calculations can be made 
on the basis of the measured surface area of brine outcrop in the landscape of 650 km2 
for each 10 vertical metres depth of brine beneath the pl a ya, based on the measured salt 
concentration of210,000 mgL-1 TDS (0.21 kgL-1). A 10 m thick brine body with this 
salt concentration extending over the observed brine outcrop area would contain 1370 
million tonnes of salt, assuming 100% fluid. Assigning 10% fluid content and 90% clay 
content for this volume, the latter representing the Anmatyerre Clay aquifer matrix, 137 
million tonnes of solute would be stored within each 10 m depth between the playa 
surface and impervious basement. Assuming an average brine pool depth of 40 m for 
the whole playa, based on a known variation from 11 to 80 m, some 548 million tonnes 
of salt would be in storage beneath the playa. This ignores the possibility that, towards 
its base, the brine body may be distended horizontally or laterally to an area exceeding 
650 km2 and assumes no losses of salt to deflation or subsurface leakage from the basin. 
The duration of accumulation of this brine body is difficult to estimate - even if the 
timing of hydro logic closure of the basin was known - because the build-up to the 
present solute concentration of210,000 mgL-1 TDS may have been slow and not a 
steady progression. 
6.7. GROUNDWATER EVOLUTION 
The evolution of Lake Lewis from an expanded perennial surface lake to a shrunken 
ephemeral playa (Chapter 5) apparently occurred in response to increased aridity across 
the continent during later Quaternary times. Much of the broad, thick calcrete aureole 
surrounding Lake Lewis probably precipitated around the contracting lake in response 
to Late Quaternary environmental changes. The envisaged scenario is one in which 
rainfall and runoff became reduced, recharge was diminished and groundwater flow 
became sluggish. Basin waters became progressively more solute-laden in the closed 
hydrologic system. With continued and intensified aridity, the waters evolved to 
gypsum (CaS04·2H20) saturation by means of evaporative concentration at the playa. 
The Latest Tilmouth beds of intercalated grey-olive clay and prismatic gypsum in the 
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lake depocentre are the legacy of perhaps the earliest manifestation of high levels of 
salinity in the basin and of substantial groundwater-surface water interaction. 
Figure 6.16 summarises the groundwater evolutionary flow path of Lake Lewis waters 
(highlighted) for the latest phase in the evolution of the basin. This is a modified version 
of the Eugster-Hardie (1978) model for a range of groundwater chemical types. The 
components of the dilute inflow water determine the composition of the final brine in an 
evaporative system, with a succession of chemical divides arbitrating the diverging 
paths at each stage. Since a cation and an anion are involved in the precipitation of a 
salt, the ratio of the two ions (in equivalents) determines which will be used up during 
precipitation of a given mineral and which will remain in solution. The first chemical 
divide encountered (Fig. 6.16) separates waters on the basis of whether Ca exceeds or is 
exceeded by HC03 concentration (although reported HC03 commonly represents HC03 
+ C03, and Drever (1997) refines this initial critical point using alkalinity, bicarbonate+ 
carbonate, to represent the anionic species). If Ca concentration is less than bicarbonate 
concentration, all calcium will be used up in precipitation of calcite, CaC03, and the 
solution will tend toward an alkaline carbonate brine. Conversely, if Ca exceeds 
bicarbonate, all HC03 will be removed during CaC03 precipitation to leave residual Ca 
in the solution. Although Lake Lewis groundwaters contain excess Ca after HC03 is 
used up, they do not have calcium concentrations greatly in excess of magnesium 
concentrations so Hardie and Eugster's Path II is not followed. Precipitation of 
secondary silica from solution, after calcite precipitation and before gypsum saturation, 
suggests that Path IIIC is not applicable for Lake Lewis. Further, precipitation of Mg-
silicates after gypsum precipitation does not occur, therefore, Path IIID is unlikely for 
the Lake Lewis groundwaters. A separate pathway is proposed, labelled Path IV in 
Figure 6.16, representing a modification of Hardie and Eugster's scheme, where 
groundwaters proceed from calcite precipitation to silica precipitation to gypsum 
precipitation, leaving a final brine enriched in Na-Cl-S04 . This final brine contains 
approximately 111,115 mgL-1 Cl; 77,245 mgL-1 Na; 21,260 mgL-1 S04• Moderate 
residual Mg and Ca also remain in solution: 1812 rngL-1 Mg; and 660 mgL-1 Ca, and 
very low Si02 (Table 6.5). Bicarbonate is fully depleted and Ca is approaching 
depletion or is in the process of being recycled through gypsum solution and re-
crystallisation, with its availability apparently a limiting factor to the amount of gypsum 
being precipitated. 
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6.8. RADIOISOTOPIC DATA 
The climate of central Australian is characterised by long dry periods punctuated with 
intermittent rainfall events that inject both water and sediment into the landscape. Some 
rainfall infiltrates to the groundwater system, although most moisture is generally lost to 
the atmosphere through evaporation and evapotranspiration because of the high 
evaporation rates. The frequency of precipitation and the rates of evaporation are known 
for the historic period (Section 1.4) and the extent and duration of individual flood 
events are monitored. The legacies of palaeofloods can often be mapped in the 
sedimentary and stratigraphic record (e.g., Sections 4.5 and 4.10). However, the 
influence of major sporadic rainfall events on the underlying groundwater system is less 
manifest. The aim of groundwater sampling and isotopic analysis in the Lake Lewis 
study is to gain an indication of the timing of recharge of aquifers and the residence 
times of groundwaters in the basin prior to their discharge at the playa. This will 
provide information about both the timing of major groundwater replenishment and the 
mobility of the subsurface waters. 
6.8.1. 14C dating 
The basic principles of 14C dating of groundwaters, sampling and analytical procedures 
are outlined in Appendix 3 .1.1. Groundwater 14C dating is based on the assumption that 
only confined aquifers are sampled. Given that all variables in an aquifer system cannot 
be fully known, radiocarbon data often only provide relative ages but can be used to 
discriminate aquifers that receive modem recharge from those that contain more 
stagnant palaeowaters. 
The stable isotope composition of carbon species in groundwater is a guide to the 
proportions of meteoric and rock or soil carbonate sources, although with considerable 
uncertainty. Biologic and inorganic sources of carbon have varied() 13C signatures. In 
an arid region() 13C of soil C02 is around -12 to -15%0 (Calf, 1978; Johnson et al., 
1999). Solid carbonates, such as limestone (CaC03), commonly have a () De range of -1 
to -6%0 (Cook and Herczeg, 1998), although() 13C is often assumed to be 0%o for the 
purpose of modelling 14C data. Quaternary calcretes in central Australia (terrestrial 
CaC03 such as described in Section 4.4) have() De values ranging from -4.33 to -
7.05%0, and groundwaters in contact with this calcrete have() 13C values in the range -
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4.30 to -7.80%0 (Calf, 1978; Jacobson et al., 1989). Quaternary calcrete is common in 
Lake Lewis basin aquifers, particularly in the lower reaches of the flow path, 
approaching the playa. The calcrete aquifers are generally silicified, with solution voids 
and pore spaces coated with films of opaline and chalcedonic silica that may inhibit 
reaction between the calcrete and groundwaters. Therefore, it cannot be assumed that 
calcrete and through-flowing waters have reacted to equilibrium. In this instance, the 
isotopic composition of through-flowing waters inherited at the time of recharge may be 
retained or may include some inherited older carbon. Because of these complications, 
the present study concentrated on groundwaters sampled from bores located up-gradient 
from the calcrete ground. 
Groundwater sampling and analysis 
Groundwater sample points are shown in Figure 6.17 (a). Bores were selected to 
represent the geographic distribution of varied sub-environments across the basin and a 
diverse range of aquifer types and recharge regimes. Bores close to Lake Lewis were 
excluded because shallowing groundwaters may be exposed to the aerated zone, which 
would produce young radiocarbon ages that register mixing with vadose carbon. Only 
two bores along the Derwent Creek system were selected because of the possibility of 
headwater tributaries, in the Mereenie Valley in the MacDonnell Ranges, being in 
contact with ancient carbonate rocks in the Proterozoic Bitter Springs Formation which 
may contribute 'dead' carbon to the system. Aquifer types and recharge regimes for the 
sampled bores are summarised in Figure 6.17 (b) and listed in Table 6.8. 
Uncorrected groundwater ages 
14C measurements are reported as percent modem carbon (pMC) of the total dissolved 
inorganic carbon and as uncorrected 14C ages. Percent modem carbon values for the 19 
analyses range from 89.79 to 6.76 pMC, Table 6.8 and Figure 6.18 (a). Corresponding 
laboratory 14C ages range from 870 to 21,690 years BP, Table 6.8 and Figure 6.18 (b). 
Barium carbonate for 14C analysis was precipitated twice from groundwaters at 
Lycoming Bore, a year apart, as a laboratory check for the isotopic analyses. The 
Lycoming Bore 14C results accord well, 48.67 pMC for the 1995 sample and 43.60 pMC 
for the 1996 sample, although there is variance in the() 13C values, -21.5%0 in the 1995 
sample and -12.6%0 in the 1996 sample (Table 6.8). 
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Table 6.8. Bore data, carbon-14 activity, o13C of Dissolved Inorganic Carbon, 14C ages and modelled ages. 
Bore Name RN ANU# AD SWL Aquif Recharge TDS 013C ±Error pMC ±Error Ageb ±Error Vogel 
(m) (m) type regime (mgL-1) PDB years BP model* 
BIGGLES 10370 10544 51 46 BR RO 2200 -10.0 2.0 89.79 0.75 870 70 19 
DASHWOOD 1280 10549 72 60 BR CF 1070 -16.4 0.4 86.93 0.66 1230 70 287 
TWIGGY 6914 9919 18 14 CAL CF 804 -I 0.3 0.2 82.11 0.40 1580 40 758 
KADITCHA 15401 9918 38 25 A CF 753 -11.9 0.2 80.75 0.55 1720 60 897 
PADDYS 343 9922 ND 18 A CF 901 -8.7 0.2 78.39 0.40 1960 50 1142 
ACE 3270 9920 25 18 A CF 740 -I 0.9 0.2 78.25 0.39 1970 40 1157 
NARWIETOO 4940 10542 25 21 A RO 870 -9.4 0.4 74.09 0.57 2410 70 1608 
TILMOUTH 15668 10545 19 15 A CF 962 -10.0 2.0 72.22 0.56 2610 70 1819 
A.AUDREYS 15481 10550 20 18 p CF 1370 -12.4 0.4 69.18 0.45 2960 60 2175 
CHRISTMAS 15542 10553 56 47 A RO 1090 -10.5 0.4 66.56 0.44 3270 70 1494 
BUNGHARA 6501 9921 49 45 A CF 770 -9.5 0.2 67.81 0.48 3280 70 2340 
BROWSE 15403 10543 12 9 CAL CF 810 -9.3 0.4 62.23 0.51 3810 70 3050 
SIGMOID 15005 10548 25 10 A I 4280 -10.1 0.4 58.24 0.40 4330 70 3598 
TANAMIRD. 16883 10546 17 9 p p 20900 -14.5 0.4 50.21 0.57 5610 100 4824 
LYCOMINGd 6931 10552 28 26 A I 1059 -21.5 0.4 48.67 0.25 5940 60 5082 
LEFT BOWER 14129 9916 60 36 A I 954 -11.4 0.2 43.01 0.27 6780 50 6104 
LYCOMING 6931 9917 28 26 A I 1770 -12.2 0.2 43.60 0.38 6870 80 5991 
KIWI 11524 10541 ND ND A I 987 -7.1 0.4 36.73 0.34 8000 90 7409 
.JOKER 635 10551 41 18 A I 1270 -15.0 0.4 6.76 0.10 21690 130 21401 
AD= Aquifer Depth (metres); SWL = Standing Water Level (metres); TDS =Total Dissolved Solids (salinity); ND: no data; Aquifer type and Runoff regime 
codes explained in Figure 6.16. Radiocarbon and o13C analyses by the Research School of Earth Sciences Radiocarbon Laboratory, Australian National 
University; l:inC determined by mass spectrometry and reported relative to PeeDee belemnitc (PDB) standard (techniques described in Appendix 3). Ages 
reported as: •%Modern Carbon (pMC) ±error and, b uncorrected 14C ages in conventional years BP± error (Stuivcr and Polach, 1977, Radiocarbon 19, 353-
363) in which no correction has been made for 'dead' carbon dissolved from carbonate minerals in the aquifer so the 14C 'ages' (1} should be considered to be 
relative ages. Estimated o13C values are assigned an uncertainty of2.0 'Yoo (iliggles and Tilmouth bores). Uncertainty for all other o13C values (i.e. <2.0) are 
measured. Lycomingd - duplicate sample, taken one year after the first Lycoming sample, for laboratory check. '"Modified Vogel (1967) model, described in 
text, giving corrected ages in years BP. The horizontal line separates younger (top group) and older (lower group) groundwaters. 
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If a sampled aquifer is unconfined or semi-confined, particularly in the arid to semi-arid 
zones where recharge rates are low, vertical diffusion of HC03- and CO{ may occur. 
This could result in anomalously low 14C apparent ages (Walker and Cook, 1991). In 
Lake Lewis basin, however, there is no trend of decreasing pMC with increasing aquifer 
depth and the bores selected for sampling are regarded as confined, mitigating concern 
about diffusion of atmospheric 14C. 
Basin-wide, there is a moderate correlation between pMC and distance from 
mountain/headwater catchments and a moderate correlation between aquifer type and 
pMC. A much more significant correlation exists between pMC and bore situation. 
Twelve bores contain relatively young groundwaters (>60 pMC): all are within either 
creek and floodout or direct recharge zones near the ranges. Six bores (seven analyses 
including the Lycoming duplicate sample) have appreciably older groundwaters (<60 
pMC) and are located beneath interfluves or palaeochannel reaches that are remote from 
creeks and piedmont runoff zones. These patterns are discussed further below, where 
modelled ages are interpretated. 
Most samples have 8 13C values between -8. 7 and -15 %0, with an outlier (Lycoming 
bore) at -21.5 %0 (Table 6.8). The range in 8 13C values most likely reflects the 
vegetation contribution to soil C02 in the recharge areas where complex mixtures of 
often dense vegetation cover occur, and also indicates little exchange with soil 
carbonate/calcrete. 
Corrected ages 
The radiocarbon data are modelled using an approach similar to that of Vogel (1963; 
1967 and 1970). Assuming an initial 14C concentration (Co) of 90 pMC (i.e., the highest 
pMC in the sample suite, Biggles Bore, 89.79 pMC), the 14C half-life (tYz) of 5,730 
years, and the measured 14C concentrations (C): 
t = 5730/[log (2)].[log (Co/C)] (2) 
The calculations are given in the final column in Table 6.8. 
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The corrected ages show substantial reductions in the ages of the youngest samples, and 
progressively more moderate adjustments downwards for the older samples. The 
modelling retains the sub-division between young and relatively old groundwaters, 
defined by the pMC and raw 14C data, with a similar >500 year gap separating the two 
groups. Overall, the data are consistent with the uncorrected 14C data, lending 
confidence to interpretations ofrecharge regimes with respect to the 14C ages, as 
discussed further below. The fact that the 8 13C values indicate little exchange with soil 
carbonate suggests that the most appropriate ages lie somewhere between the 
uncorrected and corrected ages. 
Interpretation 
The highest pMC and youngest 14C ages occur in groundwaters that are either 
replenished by direct slope runoff or through creek infiltration, regardless of depth. In 
contrast, lower pMC values and older 14C ages occur in interfluve settings. There is 
excellent correspondence between recharge areas indicated by the 14C data and the 
'freshwater areas' delineated by HC03/Cl ratios (Fig. 6.9), although in the Derwent 
creek recharge area is defined by only two bores in the floodout zone, Ace and Aunt 
Audreys (Figs. 6. l 7a and 6.19). 
Young groundwaters are present in aquifers that receive recharge either by direct runoff 
from adjacent mountains (Biggles, Christmas and Narwietooma bores) or from creek 
and floodout waters (Dashwood Crossing, Bunghara, Kaditcha, Paddys, Twiggy and 
Browse bores along Dashwood Creek; Ace and Aunt Audreys bores in the Derwent 
Creek floodout; and Tilmouth Well on Napperby Creek), Figures 6.17, 6.18 and 6.19. 
Recharge evidently occurs through infiltration of heavy rainfall and floodwaters at the 
base of slopes and through permeable creekbeds and adjacent floodout zones. 
On the other hand, groundwaters in aquifers in interfluves, located away from the 
recharge slopes and main floodwater conduits, have relatively old 14C ages (uncorrected 
and modelled) and thus receive little direct recharge. This group includes: Kiwi and 
Sigmoid bores in the interfluve between Charley and Dashwood creeks; Lycoming Bore 
in the interfluve between Dashwood and Derwent creeks; and Left Bower and Joker 
bores west of Derwent Creek beyond which there are no major creeks, Figures 6.17, 
6.18 and 6.19. Recharge of these interfluve aquifers may be from diffuse infiltration of 
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rainfall or from slow lateral throughflow from the palaeochannel conduits. Recharge of 
the interfluves also may occur during exceptionally wet episodes when floodwaters 
spread out across most of the alluvial plain. 
Tanami Road Bore, in the Day Creek palaeochannel near the Amphitheatre and 
Wirmbrandt Rock (Fig. 3.3), returning a 14C age of around 5,000 years BP, is 
distinctive. The hydraulic gradient, from the ephemerally active reach of Day Creek and 
beneath the lacustrine plain, is flat (Fig. 6.4), and groundwater flow lakeward is 
probably extremely slow. The groundwater age here may also relate to obstructing 
subsurface granite, with basement highs impeding lakeward groundwater flow in this 
vicinity. Basement structures in this area are illustrated in Figure 2.12. The salinity here 
is high, 20,900 mgL-1, suggesting limited through-flushing. Further, the occurrence of 
carnotite mineralisation at the water table in nearby Tanami Road quarry, described in 
Section 7.7, indicates highly evolved groundwaters with poor turnover, and sluggish 
groundwater flow, tending to substantiate the moderately old 14C age for resident waters 
here. The relative antiquity of groundwaters at Joker Bore west of Derwent Creek, with 
a 
14C age of>21,000 years BP (uncorrected and modelled) is also noteworthy. The 
Joker palaeochannel aquifer is described in Section 6.3. It was established above, on the 
basis of isotopic, chemical and hydrodynamic data, that Cainozoic aquifers associated 
with the Derwent Creek system are not significantly linked with up-gradient bedrock 
aquifers in the uppermost Derwent Creek catchment, in Mereenie Valley. Therefore, the 
antiquity of groundwaters in the Joker palaeochannel is unlikely to reflect 'dead' carbon 
from the ancient Bitter Springs Formation. 
Corrected 14C data of Harrington et al. (2000) for Ti-Tree basin groundwaters correlate 
well with the above-described results from the present study. Similarly, in the Western 
Water study, the 14C pMC range is similar to that for Lake Lewis basin samples, for 
both Cainozoic and bedrock aquifers, although Cresswell et al. (1999) mainly 
concentrate on the 36Cl data in their interpretation of groundwater ages (referred to 
below). In Ti-Tree basin, the most important conduits for recharge are Woodforde 
Creek, which shares a divide with Day Creek in Lake Lewis basin (Figs. 6.17 and 6.18) 
and the adjacent creek to the east, Allungra Creek, draining Hann Range (Harrington et 
al., 2000). There are no groundwater ages in the 23,000-18,000 years age range in Ti-
Tree basin; groundwater ages for most bores are from 18,000 years to 2,000 years, 
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mostly <8,000 years BP (Harrington et al., 2000), as in Lake Lewis basin. Thus, both 
Ti-Tree and Lake Lewis basins register 14C groundwater ages from around 20,000-
18,000 years BP onwards. The 14C data for Ti-Tree basin, however, include a 
groundwater 14C age of 26,000-24,000 years BP, preceding the period of hydro logic 
quiescence of 23,000-18,000 years BP (Harrington et al., 2000). 
The 14C data for Lake Lewis basin groundwaters indicate that, in the modern climatic 
regime, throughflow from the piedmont zones and creeklines to the discharge zone via 
the most trarismissive aquifers - namely, palaeochannel and palaeodeltaic conduits -
takes ariywhere from a few hundred to a few thousarid years. Groundwater transport in 
interfluvial aquifers, on the other hand, is much slower, taking from approximately 
3,500 to 7,500 years to reach Lake Lewis, or, in the case of the Joker palaeochannel 
aquifer, not discharging at all and remaining in residence for >20,000 years. An 
indicated groundwater flow rate of approximately 20 m/yr for the most direct flow path 
through the basin is rapid, taking 2,500 years as ari approximate average throughflow 
time for the 50 km south-north distance. Faster flow is likely in palaeochannels beneath 
the alluvial plain and much more sluggish flow beneath the lacustrine plain. This 
estimate is similar to an estimated groundwater turnover time of 3,000 years in Ti-Tree 
basin for recharge of the main mid-basin Cainozoic aquifers from the piedmont recharge 
zones near the Reynolds arid Hann ranges 40-50 km to the south (Harrington et al., 
2000). Groundwaters in aquifers in the interfluves in Lake Lewis basin are flowing 
lakeward more slowly thari those in adjacent palaeochannel zones, at a rate of possibly 
around 7-8 m/yr. In both cases, however, these flow rates are much higher than the 
estimated groundwater flow rate through large distances of regional Murray Basin 
aquifers of <1.0 m/yr (Leaney and Herczeg, 1999). 
6.8.2. 36Cl analyses 
Radiochlorine (36Cl) is strongly associated with water in the atmosphere, regolith arid 
groundwater. The high solubility and conservative behaviour of chloride in 
groundwaters arid evaporitic salts make this radioisotope a useful tracer for studying salt 
and water trarisport in hydro logic systems. Measurement of 36Cl concentrations in 
rainfall and playas enables assessment of residence times of chloride in the landscape. 
The long 36Cl half-life of 301,000 years can be applied to date groundwaters with a long 
flow path or where aquifer transmissivities are low. Principles, contingencies and 
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procedures of 36Cl analysis and 36CVCl ratio determination are summarised in Appendix 
3.1.2. It should be noted that interpretations of 36Cl concentrations in terms of water 
ages are not without controversy (Drever, 1997). 
36Cl tracing bas been used in Australian environmental studies in recent years by 
Bentley et al (1986b), Bird et al. (1991), Turner et al. (1995); Chivas et al. (1996; 1988), 
and Keywood et al. (1997; 1998). Radiochlorine was recently used as part of the multi-
disciplinary regional 'Western Water Study' (Wiluraratja Kapi), outlined in Section 6.1, 
to the immediate west of Lake Lewis basin. Samples of brine and playa surface crust 
from Lake Lewis were collected as a component of this study and to contribute to the 
compendium of 36Cl data for Australian salt lakes (e.g., Chivas et al., 1988). 
Analyses for Lake Lewis brine and playa crust are presented in Table 6.9. The sampled 
crust included impure cubic halite from the surface of standing brine that had ponded 
against the Causeway embankment, described above. Included for comparison in Table 
6.9 are corresponding 36Cl data for brine and playa crust from Lake Ngalia, 70 km to the 
west (location shown in Fig. 1.5), and analyses for a groundwater sample from water 
bore RN16694, which is referred to above with respect to 14C analysis and its low pMC. 
This bore accesses a Cainozoic aquifer at 75 m depth and is located on the Yuendumu-
Papunya Road, between Lake Lewis and Lake Ngalia, near where the present study 
interprets a small palaeolake setting amidst dunefields, towards the terminal end of the 
interpreted Joker palaeochannel, described above and illustrated in Figure 6.19. 
Radiochlorine/stable chlorine ratios for lakes Lewis and Ngalia brines and playa crust 
samples and groundwater from RN16694 fall within arange of 53-61x10·15_ These low 
36CVCl values and wide-ranging chloride concentrations plot on a trend that indicates 
mixing ofrainwater and local recycled salts (Cresswell et al. , 1999). The low values 
probably result from dilution by remobilised salts that have been in residence in the 
playa setting for a considerable duration. These low values - compared to a mean 
36CVC1 ratio for central Australian rainfall of around 325 x 10·15 (Keywood et al., 1998) 
- indicate that modem meteoric chloride is not a major source of chloride to the salt 
lakes. 
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Sample J<>Cl/Cl x 10-1=> er (mgL-1) 
Lake Lewis brine 59.2 ± 5 152000 
Lake Lewis surface crust 53.1 ± 5 16700 
Lake N galia brine 61±5 115000 
Lake N galia surface crust 58 ± 5 53 
RN16694 57 ± 5 786 
Table 6.9. Chlorine-36 and chlorinity analyses for brine and playa crust from Lake Lewis 
(present study) and Lake Ngalia (no information about the latter sampled crust has been 
documented), and Bore RN16694 (Cresswell et al., 1999). 
Hutton ( 1983) notes that for large areas of inland Australia, rainfall is low and chloride 
fallout is often dominated by recirculated material (Hutton, 1983). Relatively low ratios 
(30-60 x 10"15) have been obtained in chloride from salt lakes and playas almost 
independent of location in central and Western Australia (Fifield et al., 1987). Low, 
uniform 36Cl/Cl contents, of the order of 35 ± 7 x 10·15, have also been documented by 
Chivas et al. (1988) from surficial halite crusts in salt lakes in a 600 km-long transect 
across Western Australia. Two underpinning points have been flagged by Bird, et al. 
(1991): large-scale dust storms redistribute chloride from surface layers, including salt 
lakes, and make it impossible to distinguish dry precipitation of cosmogenic 36Cl from 
recycled chloride; and, massive floods, though they occur infrequently, wash surface 
chloride of whatever origin into the salt lakes and playas. 
Up-gradient from each of the salt lakes in the Western Water Study area, lakes Ngalia, 
Bennett and Mackay (Figs. 1.2 and 5 .10), 36Cl analyses from 18 groundwater samples 
reveal groundwater flow from higher to lower 36Cl/Cl values and indicate radioactive 
decay as the dominant process (Cresswell et al., 1999). Nine of these samples are from 
Cainozoic aquifers, from depths ranging from 7 to 78 m (Cresswell et al., 1999). 
Significantly, the whole suite of 36Cl/Cl ratios fall within two main groupings. One 
group of seven samples, with an average 36Cl/Cl value of 205 x 10-15, is interpreted to 
represent recharge in the last 20,000 years. The other group of nine samples have an 
average 36Cl/Cl value of 170 x 10· 15, interpreted to represent recharge to the region 
around 100,000 - 80,000 years ago (Marine Oxygen Isotope Stage 5), with no major 
recharge represented in the intervening period between the two clusters (Cresswell et 
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al., 1999), or at least no sampled groundwaters whose 36CI ages correspond with the 
intervening period. 
If the Western Water Study 36Cl data are applicable to the adjacent Lake Lewis basin, 
the following interpretation seems most appropriate with regard to the 14C data from the 
present study and the interpreted hydro geologic configuration of the basin, described 
above. The 36Cl/Cl ratios for brines and halite from lakes Lewis and Ngalia represent 
hybrid chlorine sources - recycled Quaternary salts and rainfall. The 36Cl values for 
groundwaters in the Western Water Study area clustering around 205 x 10-15 represent 
recharge in the last 20,000 years. This is compatible with 14C groundwater ages from 
Joker and RNl 6694 bores where extremely low percent modern carbon contents 
represent recharge around 20,000 years BP. 14C data for the other 17 bores in Lake 
Lewis basin are all Holocene in age; 15 of these are from Cainozoic aquifers at depths 
ranging from 12-60 m; the remaining two bores access bedrock aquifers at the edge of 
the basin. All these sampled groundwaters from Lake Lewis basin are probably 
contemporaneous with the seven samples from the adjoining Western Water Study area 
that gave moderately high 36Cl/Cl values (averaging 205 x 10-15) that represent a 20-0 
ka residence period (Cresswell et al, 1999). These data also correlate with the numerous 
14C ages for groundwaters from Ti-Tree basin for the period 18,000 years ago to the 
present (Harrington et al., 2000). 
The group of nine groundwater samples from the Western Water Study area, including 
in Mount Wedge basin, that gave lower 36CVCl values (averaging 170 x 10-15) that 
indicate considerable radioactive decay and recharge around 100-80 ka (Cresswell et al, 
1999), are not represented by sampled groundwaters in Lake Lewis basin. There are two 
possible explanations. Firstly, palaeowaters of this antiquity may already have 
discharged at Lake Lewis long ago because of efficient throughflow in the basin. 
Alternatively, ancient groundwaters that are a legacy of the 100-80 ka last interglacial 
period remain in residence in basal Tertiary sediments and underlying bedrock aquifers 
in Lake Lewis basin although the existing array of bores do not access these deeper 
aquifers so these groundwaters cannot be sampled. The latter case seems plausible given 
poor transmissivity of lacustrine clay such as that logged at depth in the basin (e.g., 
Figs. 2.17 (a) to (c), 2.18 (a) and (b), and Fig. 6.2) and of crystalline bedrock. Further, 
the configuration of the basement and basal Cainozoic infill, as illustrated in Figure 6.2, 
may favour very sluggish groundwater flow, extremely poor circulation and long 
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residence times at depth in the basin. The possibility of deep pockets of ancient 
groundwaters residing in palaeolacustrine or paladal depressions in an uneven 
subsurface basement topography, while younger groundwaters transmit more readily 
through porous overlying fluvial sediments, has previously been proposed for the Uluru 
(Ayers Rock) area (English, 1998). An analogous scenario may exist at depth in Lake 
Lewis, particularly within the dense, poorly-permeable, basal Palaeogene lacustrine 
clay, the Mount Wedge Clay, despite apparently efficient throughpow in the overlying 
upper 60 m of sediments -which the current array of bores penetrate. 
6.8.3. Groundwater recharge 
Deuterium (8 2H o/oo, SMOW) and oxygen (8 180 %0, SMOW) stable isotope analyses of 
groundwaters from basins surrounding Lake Lewis basin, and their relationship to the 
Alice Springs Meteoric Water Line (Calf, 1978; Calf et al., 1991; Harrington and 
Herczeg, 1998; Wischusen, 1998; Harrington et al., 2000) indicate that recharge takes 
place during exceptionally heavy rainfall events with evaporation prior to, or during, 
infiltration. The stable isotope data accentuates the importance of episodic rainfall 
events that are of high magriitude. 
In the Western Water Study area, the mean recharge rate, based on 14C and 36Cl data, is 
around 1 mm/yr (Cresswell et al., 1999). In Ti-Tree basin, the mean recharge rate to the 
fresh groundwater resource, based 14C data and on chloride mass balance, is around 1.9 
mm/yr, with an estimated turnover time of high quality water (<1,000 mgL-1 TDS) of 
about 3,000 years (Harrington et al., 2000). The recharge estimates for Ti-Tree basin are 
probably most applicable to Lake Lewis basin, given the proximity of the two basins, 
the shared drainage divide, and similar catchments. In all cases, sigriificant recharge 
events occur only after heavy, sustained rainfall events once every 5-10 years. 
The 14C data from Lake Lewis basin indicate that piedmont zones adjacent to bedrock 
slopes and the creeklines and their floodout areas are the main avenues for recharge of 
aquifers. This data is augmented by the water chemistry data that identify the freshest 
groundwaters (on the basis of high HC03/Cl ratios, Fig. 6.9) from aquifers that register 
young 14C ages. Recharge, therefore, is mainly correlated with concentrated runoff and 
overland flow. Coarse-grained sediments, such as sands in creek channels and 
colluvium in proximal piedmont zones at the base of slopes, allow greater and more 
370 
Chapter 6. Hydrological Processes 
rapid infiltration beyond the zone of evaporation. It is implicit that the intensity and 
duration of major rainfall events are key factors for effective recharge. Investigations of 
aquifers and recharge dynamics at Uluru, indicate that measurable recharge, resulting in 
a rise in water levels in bores, for example, occurs when there has been prior saturation 
of sediments. Rainfall and runoff are prone to be lost to evapotranspiration processes in 
a parched landscape (Barnes et al., 1994; English, 1998). The 14C data from Lake Lewis 
basin and surrounding basins, along with the 180 and Deuterium data from neighbouring 
study areas, support the envisaged scenario of episodic recharge during rare, intense 
'desert storm' type rainfall events that characterise the last ~19,000 years in the region. 
Older groundwaters away from the main recharging conduits may receive more sparse, 
dispersed replenishment via diffuse recharge though dunefields and interfluvial strata 
and/or some lateral throughflow from the main palaeochannel aquifers. A distinctive 
recharge mechanism for low-gradient alluvial plains composed of red earth sheetwash 
sediment and mulga (Acacia aneura) vegetation has been postulated by English (1998). 
The latter process involves the surface hydro logic pattern of sheetflow that is typical of 
widespread regions of the semi-arid zone. The combination of sheetflow in 
unchannelled, low-gradient terrain with characteristic banded mulga vegetation can 
maximise the concentration and infiltration of rainwater within the pattern of 
runoff/run-on zones defined by the contoured rnulga groves (English, 1998). This 
proposed recharge mechanism is distinct from both channelled recharge - along defined 
creeklines and their associated floodouts - and distributed recharge of rainfall directly 
through porous substrates such as sand dunes, and may be applicable across some 
interfluvial areas in Lake Lewis basin. 
In the case of the Joker bore palaeochannel aquifer, older groundwaters may suggest 
that this 'recharge conduit' was cut off from effective surface flow by dune activity 
around 20,000 years BP with the aquifer being starved of replenishment since. 
Recharge of silicified calcrete aquifers in the lacustrine plain surrounding Lake Lewis 
may also be unique to this particular setting. Petrographic textures in the aquifer matrix, 
where there are alternating calcite and secondary silica layers - both being precipitates 
. from ambient groundwaters (Section 7.3, Plate 7 .5) - suggest alternating fluxes of 
slightly acidic to slightly alkaline waters in the aquifer. This may indicate direct 
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infiltration of meteoric water via karstic hollows (Plate 4.7) and unimpeded recharge of 
underlying shallow, brackish groundwater bodies in the calcrete aquifers. 
The dominant hydro logic processes currently operating in Lake Lewis basin, described 
above, are regarded as typical for the latest Pleistocene-Holocene period. These 'desert 
hydrological dynamics' represent ameliorated climatic conditions, following the period 
of intense aridity that preceded approximately 19 ka in the area (Chapter 9). Intermittent 
high magnitude flood events of this 'modern hydro logic regime' have left and continue 
to leave a marked impression on the fluvial, aeolian and playa landscapes and 
underlying groundwater system of the basin. The importance of the fluvial systems and 
the magnitude and timing of flood events (Section 4.10) is crucial to understanding 
recharge dynamics in central Australia. 
6.9. SUMMARY 
• Crystalline basement surrounds Lake Lewis basin, ensuring almost complete 
hydrologic closure of the surface drainage and groundwater systems. The only 
evident leakage point out of the basin is via a minor, mid-basin distributary channel 
and its underlying palaeochannel aquifer, 'Joker palaeochannel', west of Derwent 
Creek. 
• Basement heterogeneity influences the configuration of the basin aquifer system. 
Four main aquifer types are identified: weathered, fractured bedrock; basal 
Palaeogene lacustrine clay (the Mount Wedge Clay) that infills basement 
depressions at depth; Neogene-Pleistocene alluvial and lacustrine sediments infilling 
the uppermost 60 m of the basin; and near-surface silicified calcrete. Water-holding 
capacities and water transport properties are poor in the bedrock and basal lacustrine 
clays. The main throughflowing aquifers are those within the uppermost 60 m of 
alluvial and lacustrine sediments. Palaeochannels and palaeodeltaic sediments are 
the most important aquifers in terms of groundwater supplies and lakeward 
throughflow. 
• Fault systems and basement structures substantially influence groundwater 
dynamics in the basin, including groundwater flow between aquifer types and 
discharge at Lake Lewis. 
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• Hydraulic connectivity is tenuous between bedrock aquifers in the mountain valleys 
of the MacDonnell Ranges and the main Cainozoic aquifers in the basin because of 
obstructing subsurface basement highs beneath the piedmont zone. The large 
headwater catchments are important to surface drainage discharges and to associated 
recharge of Cainozoic aquifers beneath the alluvial plain. However, groundwater 
throughflow beneath the debouchment points of all major valleys is impeded. 
• Water Table depths are >45 m in the bedrock aquifers in the ranges, 45-15 m 
beneath the alluvial plain, and <15 m beneath the lacustrine plain, shallowing to 1 m 
beneath the playa. Potentiometric contours show a centripetal groundwater flow 
system from the basin perimeter to Lake Lewis, paralleling the surface drainage 
pattern. The hydraulic head in intake areas in the piedmont zone is at approximately 
590-580 m AHD, driving groundwater flow to Lake Lewis at 550 m AHD. 
• Groundwater discharge is apparently concentrated along linear spring zones at the 
playa margins, particularly along the Lake Lewis Fault Zone beneath the southern 
edge of the playa. 
• The salinity gradient across the basin is well defined by data from 100 bores. 
Salinities range from <500 mgL·1 TDS in intake aquifers to playa brines, >200,000 
mgL-1 TDS. The alluvial plain is underlain by aquifers containing fresh (<1,000 
mgL·1 TDS) to moderately fresh (1,000-2,500 mgL-1 TDS) groundwaters. The 
lacustrine plain is underlain by aquifers containing brackish to saline groundwaters, 
2,500-10,000 mgL·1 TDS. Approaching Lake Lewis the salinity gradient is very 
steep around most of its perimeter, with the transition from saline groundwaters of 
5,000 mgL·1 to concentrated brine of slightly over 200,000 mgL"1 occurring over a 
horizontal distance of only a few kilometres. 
• Lake Lewis, with a playa brine of210,000 mgL-1 TDS, is less saline than other 
major Australian salt lakes, including lakes Amadeus, Gairdner, Eyre, Frome and 
Tyrrell, although Lake Lewis is more saline than lakes Buchanan, Woods and 
Gregory. 
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• Major ion chemistry of Lake Lewis basin groundwaters indicate that the best quality 
water, on the basis of HC03/Cl ratios, occurs in aquifers along the three major creek 
channels and their adjacent floodout zones, and at the bases of steep bedrock 
mountain ranges. Down-gradient, chloride progressively becomes the dominant 
am on. 
• Si02 (aq) concentrations of 100-50 mgL·1 in basin groundwaters decrease in the 
lower part of the hydrologic gradient to <10 mgL· 1 in playa brines due to 
precipitation of opaline and chalcedonic silica within the calcrete aureole 
surrounding Lake Lewis. 
• Major ion trends along the hydrologic gradient are dominated by linear 
accumulations of Na, Kand S04 with respect to chloride. However, major down-
gradient defections occur in the trends of HC03 and Ca versus Cl, because of 
lakeward precipitation of calcite, CaC03, and gypsum, CaS04.H20. Minor loss of 
Mg from the brine represents ion exchange near the playa. 
• Episodic surface water inundation of Lake Lewis every few years produces marked 
effects upon the playa environment and the underlying brine pool. These effects 
include: solution of pre-existing playa crusts and dilution of the brine pool by 
influxing surface water; burgeoning of aquatic organisms, particularly crustaceans; 
sulphate reduction; and fresh salt efflorescence at the desiccating playa surface. 
Major inundations, of one to a few metres depth, occur approximately once every 
few decades and cause terracing of playa margins, exacerbation of cliffing of playa 
islands, and imprinting of erosional strandlines around the playa landscape. 
• The Lake Lewis brine pool outcrops within an area of 650 km2, including the main 
playas and the aureole of small salt pans. The brine pool depth is unknown although 
it exceeds 28 metres in places, and may extend to 80 m depth beneath parts of the 
playa. Reflux processes, involving recycling of brine between the 'evaporation front' 
at the playa surface and downward diffusing dense, solute-laden brine are apparently 
operating within the brine pool. 
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• Groundwater evolution follows a calcium carbonate - gypsum path, resulting in a 
residual Cl-Na-S04 brine. Dolomitisation is not an important process in the basin. 
Playa brines have not reached halite-saturation concentrations. 
• Radiocarbon dating of groundwaters indicates mainly Holocene waters in residence 
in aquifers within the uppermost 50 min the basin. Young groundwaters, <4,000 
years BP, are present beneath the main creeklines and their immediate floodout 
areas and proximal runoff zones at the base of bedrock ranges, correlating well with 
aquifers containing the best quality water defined by HC03/Cl ratios. These zones 
are recharged directly by concentrated runoff and overland flow following major 
rainfall events. 
• Aquifers beneath interfluvial areas contain older Holocene groundwaters, 4,000-
8,000 years BP. More diffuse or less frequent and less direct recharge mechanisms 
are applicable for these aquifers. The Joker palaeochannel aquifer contains 
groundwater dated at -20,000 years BP. This isolated aquifer may have 
subsequently been cut off from replenishing waters from Derwent Creek by dunes. 
Further, this groundwater conduit is directed away from Lake Lewis and, 
consequently, relatively old resident waters have remained in residence at this 
remote aquifer rather than discharging at the playa. 
• No bores penetrate the basal Palaeogene lacustrine clay, however, relatively ancient 
waters may be in residence at these depths of -60-100 m, where circulation is 
probably limited in the dense clay. It is possible that this basal aquifer may contain 
groundwaters of similar antiquity to those in aquifers to the adjacent west where 
Cresswell et al. (1999) interpret 36Cl groundwater ages of 100,000 - 80,000 ka. 
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7.1. INTRODUCTION 
The theme of this chapter is water-sediment interaction. The chapter complements 
Chapter 6 because hydrology and hydrochemistry govern the main manifestations of 
diagenesis in Lake Lewis basin and, in turn, diagenetic activity influences the physical 
and chemical character of the aqueous environments, i.e., there is coevolution of waters 
and sediments in the system. In particular, groundwater evolution in the hydrologically 
closed basin is crucial to the major diagenetic processes, although subaerial processes 
and meteoric waters are also important to diagenesis in some basin settings. The present 
chapter focuses on noteworthy examples of active diagenetic processes and on the 
nature of specific diagenetic minerals that substantially post-date the enclosing 
sediments. Examples from the basin depocentre figure prominently because it is here 
that post-depositional physical and chemical processes are most intense. 
Weathering and diagenesis often proceed in tandem in the surface and near-surface 
landscape and the respective processes can be difficult to define separately, and to 
discriminate from each other in the natural environment. Relevant definitions that 
encompass key post-depositional processes in Lake Lewis basin are therefore provided 
in Section 7.2. Some fundamental weathering reactions that lead to accumulation of 
solutes and which affect chemical properties such as alkalinity in basin groundwaters 
are also briefly included in Section 7.2, to set the scene for the remainder of the chapter. 
Several major and distinctive diagenetic processes identified in the basin are described 
and discussed in the following sections: Precipitation of secondary silica, Section 7.3; 
zeolitization, Section 7.4; ferrolysis, Section 7.5; sulphate reduction, Section 7.6; 
camotite mineralisation, Section 7.7; and alunitisation, Section 7.8. These chapter 
sections are sub-divided, firstly, to describe the mode of occurrence of respective 
diagenetic minerals in Lake Lewis basin, including observations and analytical data, and 
to then separately discuss the interpreted processes occurring within each diagenetic 
environment. 
Although calcrete is the most abundant and one of the most significant diagenetic 
products in the basin, calcrete ground was dealt with separately in Section 4.4, because 
it is the main regolith unit within the palaeolacustrine plain and because it is, to a large 
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extent, a fossil-landform. Similarly, various forms of gypsum are also diagenetic but 
these were described in Chapters 3 and 4 as part of the respective landscape elements 
that the gypsum has grown within or been deposited upon. 
The main observations, findings and conclusions of the investigations of active 
diagenesis are summarised at the end of the chapter (Section 7 .9). Laboratory methods 
for X-ray Fluorescence (XRF), X-ray Diffraction (XRD) analysis, and Scanning 
Electron Microscopy (SEM) are described in Appendix 2.1. Hydrochemical data used 
for some of the interpretations are from the tables in Chapter 6 and Appendix 4. 
7.2. WEATHERING AND DIAGENESIS 
The following definitions are adopted for the study: Weathering is the breakdown of 
minerals and rocks at and below the landscape surface by the action of physical and 
chemical processes. It is a response of materials to low pressures and temperatures and 
to the presence of air and water of surface/near-surface envirorunents. The term 
diagenesis refers to post-depositional changes that take place in sediments. Diagenetic 
processes include weathering, solution, replacement, recrystallisation, compaction, 
oxidation and reduction, leaching, hydration and dehydration, among other 
modifications. Conditions of low temperatures and pressures differentiate diagenesis 
from metamorphism which involves moderate to high temperatures and pressures. 
Authigenesis refers to the process by which new minerals, or rock/sediment 
constituents, that have not been transported, have formed in place after deposition of the 
original host sediment. Pedogenesis refers to soil formation although some pedogenic 
processes overlap with weathering and diagenetic processes. 
Weathering of silicate minerals is fundamental to diagenetic processes in Lake Lewis 
basin. Groundwaters in shallow aquifers in the basin are supersaturated with respect to 
quartz, where chemical weathering of silicate minerals is the main source of dissolved 
silica. Bedrock lithologies such as granites, granulites and amphibolites, have 
crystallised at high temperatures and pressures, and are not in equilibrium with the near-
surface conditions. These igneous and metamorphic rocks provide abundant feldspars, 
micas and ferromagnesian silicate minerals for alluvial sediments and solutes in the 
basin during physical and chemical weathering processes (e.g., Plate 7 .1 ). Infiltration of 
basin sediments by C02-enriched surface and/or shallow groundwaters leaches cations 
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and silica from aluminosilicate minerals such as feldspars and micas. Carbon dioxide is 
derived from oxidation of organic matter in the soil zone and combines with rain water 
to produce carbonic acid (H2C03), a powerful weathering agent. Hydrolysis of albite, 
for example, produces kaolinite or smectite, consumes hydrogen and releases sodium, 
bicarbonate and silica, as follows: 
(solid phases underlined; variable interlayer cations in smectite excluded: Garrels and 
McKenzie, 1971). Similarly, weathering of calcic plagiociase (Plate 7.2) consumes 
hydrogen and releases silica, sodium and calcium; weathering of microcline consumes 
hydrogen and releases silica and potassium. Weathering of illite to kaolinite consumes 
hydrogen and releases silica, potassium and magnesium. Thus, incongruent dissolution 
of aluminosilicate minerals converts feldspars and micas to clay minerals and increases 
the aqueous concentrations of cations and silicic acid [&Si04°, or Si02(aq)]. Quartz 
itself is kinetically unreactive at low temperatures and rarely dissolves at a significant 
rate. Aluminium is relatively inert during these hydrolysis reactions at most naturally 
occurring pH levels and the cation Al3+ does not migrate significantly but is retained in 
the solid phase of degraded material or newly formed clay minerals. With consumption 
of H+ in weathering reactions, carbon species are progressively ionized, from carbonic 
acid to bicarbonate to carbonate (H2C03 to HC03- to CO/), and the concentration of 
negatively charged species and alkalinity increases along the hydrologic gradient. This 
gradient is well represented by the calcrete aureole surrounding Lake Lewis, a major 
diagenetic feature across the distal reaches of the groundwater flow path (Section 4.4), 
down-gradient from which the groundwaters are bicarbonate-carbonate depleted. 
7.3. SILICIFICATION 
7.3.1. Silicified calcrete 
Calcrete is the host material for widespread inorganic silica precipitation in Lake Lewis 
basin. The 5-10 km wide calcrete halo surrounding the playa (shown in Figs. 4.7 and 
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Plate 7.1. Weathering 
granite at the base of 
Rembrandt Rock. GR 
NAPPERBY 264458. 
Plate 7.2. Detrital 
plagioclase grain in 
palaeolacustrine sediment, 
Tanami Road quarry, 
breaking-down to 
amorphous aluminosilicate 
clay; crossed polars. The 
reaction involves release of 
excess Si02, Na and Ca 
from the plagioclase into 
pore fluids. GR 
NAPPERBY 259605. 
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4.8), described in Section 4.4, is up to 12 m thick and secondary silica is pervasive 
throughout, although heterogeneous in its mode of occurrence. 
Chemical analyses of 20 silicified calcrete samples from both the vadose and phreatic 
hydrological zones in Titra and Wilkie drill-cores are presented in Tables 7.1 and 7.2; 
CaO, Si02 and MgO concentrations in the ten samples from each core are plotted 
graphically in Figures 7 .1. and 7.2 (with the water table indicated on the stratigraphic 
columns). Calcium contents of the whole data set of 20 samples average 32 wt% and the 
average Loss On Ignition (LOI - carbonate and water) is 32 wt%. Low average MgO 
contents (3 wt%) represent limited Mg2+ replacement of Ca2+ in the calcite and the 
samples are highly reactive in dilute HCI indicating dominantly calcitic composition 
and negligible dolomitisation, as discussed in Section 6.5 with respect to groundwater 
chemistry. Si02 contents for the 20 samples average 28 wt% but vary widely from 10 
wt% to 58 wt%. A subordinate proportion of the Si02 content is original detrital quartz 
and the majority is secondary silica, confirmed by petrographic examination of the 
samples. CaO +LOI varies inversely with Si02 although minor Ca is attributable to 
accessory gypsum and some LOI is attributable to water in the hydrated opaline 
(Si02·nH20) and chalcedonic silica species. For the most part, Ab03 content is low, 0-2 
wt%, although several samples contain 5-10 wt%, and generally low clay-mineral 
content is inferred. Fe20 3 (<1-4 wt%), and Ti02 (<0.5 wt%) contents are low and 
abundances of all other elements are similarly low, <l wt% (Tables 7.1 and 7.2). 
XRD patterns reveal that Si02 in the silicified calcrete is present in the form of opal-CT 
(Fig. 7.3), moganitic chalcedony (Fig. 7.4), and microcrystalline quartz. Poorly-
crystalline opal-CT is clearly identified by powder diffraction by a broad diffraction 
hump for cristobalite and tridymite at 20 = 21.6-21 .9°, d = 4. l l-4.05A. Moganite is 
identified by split 'quartz-reflections' and additional reflections with d = 4.42, 3 .12, 
2.88, 2.68, 1.96 and 1. 74A which do not coincide with any other known silica phase 
(Miehe and Graetsch, 1992). The presence of moganite in several samples is confirmed 
by manual and automatic (µ PDSM) diffractogram processing. Moganite samples 
contain microcrystalline quartz, however, the coincident reflection profiles for moganite 
are broadened. Moganite is a polymorph of silicon dioxide that is microcrystalline, 
fibrous and optically length-slow (Florke et al., 1984; Miehe and Graetsch, 1992). The 
water content of moganite is about 2%, which is slightly higher than that of more 
common length-fast chalcedony (Florke et al.,1984) and lower than the water content of 
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Table 7.1. X-ray Fluorescence analyses of silicified calcrete from Titra Well. 
De1;2th {cm} 100 200 330 41 0 500 
Major Elements (W!°/o) 
Si02 9.80 27.93 35.93 16.24 27.05 
Ti02 0.09 0.08 0.04 0.01 0.03 
A}i03 1.56 1.15 0.78 0.11 0.27 
Fe20 3 0.63 0.44 0.31 0.07 0.11 
MnO 0.06 0.05 0.04 0.05 0.05 
MgO 5.24 6.91 3.74 2.78 1.84 
Cao 40.85 30.03 27.61 41.69 36.90 
Na20 0.06 0.13 0.15 0.04 0.04 
KzO 0.33 0.32 0.21 0.05 0.11 
P20 s 0.03 0.03 0.03 0.03 0.03 
LOI 41.03 32.75 30.99 38.74 33.50 
S03 0.11 0.07 0.08 0.09 0.05 
Total 99.68 99.82 99.83 99.81 99.93 
m m Co0wt% 
0 0~ __ 20 ___ 4_0 _~60 0 
-
2 2 
3 3 -
4 4 
5 5 
6 6 -
-7 7 -
8 -
-
9 9 
-
10 
11 
560 650 
49.71 10.38 
0.03 0.08 
0.21 1.33 
0.10 0.50 
0.04 0.05 
1.48 3.97 
24.46 42.54 
0.05 0.09 
0.09 0.33 
0.02 0.03 
23.70 40.56 
0.12 0.15 
99.89 99.86 
TITRA 
Si0 2 wt % 
20 40 
750 830 900 
25.18 40.17 45.19 
0.25 0.46 0.45 
5.09 9.60 8.67 
1.96 3.79 3.26 
0.08 0.07 0.07 
6.95 4.49 2.42 
26.39 14.85 15.51 
0.41 1.06 2.39 
1.06 1.79 2.01 
0.05 0.13 0.12 
32.34 23.19 19.65 
0.08 0.04 0.05 
99.76 99.60 99.74 
Figure 7.1. Vertical distribution ofCaO, SiO, and MgO values in Titra core, determined by XRF, 
sampled to represent the full range of heterogeneity of silicified calcrete textures. Detailed 
stratigraphic log given in Figure 4.9. 
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Table 7.2. X-ray Fluorescence analyses of silicified calcrete from Wilkie Bore. 
DeQth (cm)420 510 600 700 750 
Major Elements (wt°lo) 
Si02 
Ti02 
Al203 
Fe203 
MnO 
MgO 
Cao 
Na20 
K10 
P205 
LOI 
so, 
Total 
m 
0 
25.11 
0.25 
5.79 
2.17 
0.05 
9.26 
22.61 
0.20 
1.14 
0.03 
32.84 
0.04 
99.45 
: :_:::: 
37.41 
0.30 
7.64 
2.80 
0.06 
4.49 
17.42 
0.30 
1.28 
0.04 
28.01 
0.06 
99.75 
m 
0 0 
2 -
3 -
4 -
15.36 
0.16 
2.60 
1.03 
0.05 
1.41 
41.28 
0.10 
0.55 
0.04 
37.27 
0.22 
99.85 
~--
5 ~---
15.33 
0.11 
1.63 
0.63 
0.05 
3.23 
40.30 
0.10 
0.32 
0.02 
38.09 
0.21 
99.81 
6 1------
7 1------
8 -
~----
9 -
ioi------
20.37 
0.16 
2.53 
1.00 
0.05 
4.58 
34.75 
0. 14 
0.48 
0.04 
35.80 
0.08 
99.90 
lli-------------
820 950 1000 1030 1110 
24.46 58.11 32.78 36.86 15.15 
0.15 0.04 0.01 <0.01 0.03 
2.12 0.37 O.oI <0.01 0.32 
0.89 0.21 0.06 0.05 0.15 
0.06 0.04 0.04 0.04 0.06 
1.45 0.81 1.21 1.03 0.74 
35.99 18.83 35.12 32.45 45.10 
0.13 0.05 0.04 0.01 0.05 
0.43 0.10 0.01 <0.01 0.05 
0.04 0.01 0.05 0.03 0.02 
34.18 21.41 30.61 29.50 38.27 
0.07 0.02 0.04 0.03 0.03 
99.90 99.98 99.94 99.97 99.94 
WILKIE 
MgOwto/o 
5 10 
Figure 7.2. Vertical distribution of CaO, Si02 and MgO values in Wilkie core, determined by 
XRF, sampled to represent the full range of heterogeneity of silicified calcrete textures. Detailed 
stratigraphic log given in Figure 4.10. 
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Figure 7.3. X-ray diffraction spectra for opal-CT from 5.75 m depth, Titra core 
(top) and 9.5 m depth, Wilkie core (lower). The top pattern is overlain for 
comparison with a diffraction pattern for pure macrocrystalline quartz (ct.. - quartz 
or low quartz), feint lines, the latter a prismatic crystal from 70 m depth, Challis 
Mine, Western Australia. The broad main diffraction peak for opal-CT represents 
tridymite and cristobalite. The feathered reflections are indicative of poorly 
crystallised Si02 .nH20 and the presence of numerous crystallites. 
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Figure 7.4. Enlarged XRD spectra for moganitic chalcedony from 9.92 m depth, 
Wilkie core. The positions of the main peaks for pure macrocrystalline quartz (a -
quartz or low quartz) are shown as feint vertical lines for comparison. The broad 
diffraction humps at the bases of the main quartz peaks relate to silica crystallites 
and structural intergrowths; distinctive moganite peaks (M) are depicted with arrows 
and corresponding d-spacing values. 
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opal (6-10%). Moganite has a higher solubility in water than quartz and the polymorph 
readily recrystallises to quartz in the presence of water (Heaney and Post, 1992). 
Diverse petrofabrics are represented in the Lake Lewis silicified calcrete; infilling of 
voids is widespread (Plate 7.3), although more diffuse replacement of CaC03 with Si02 
also occurs (Plate 7.4). Optical microscopy reveals opaline silica commonly as micro-
laminated colloform and botryoidal structures in pore spaces, with cusp-like cutans 
draped over eroded calcite host substrate (Plate 7.5), and as isotropic glassy opal. 
Chalcedony commonly occurs in radiating fibrous forms (Plate 7.6). SEM images of the 
various secondary silica species are shown in Plate 7.7: (a) and (b) opal-CT; (c) and (d) 
moganitic chalcedony; and, ( e) and (f) neoformed microcrystalline quartz. The latter 
euhedral quartz crystals produce sharp XRD peaks at d = 3.34A for low quartz or a -
quartz although these peaks can also reflect the presence of detrital quartz relict from 
the original elastic (lacustrine or deltaic) sediment. 
The close association between carbonate and secondary silica species at Lake Lewis is 
evident in outcrop, in the drill cores, and at the micro-scale, the latter best illustrated in 
Plates 7.3 - 7.6, and 7.7(e). Whilst the CaC03 matrix is commonly dissolved and 
corroded, optical and SEM imagery reveal the various silica species to be pristine and 
uneroded. This indicates that the Si02 and Si02·nH20 minerals are in equilibrium with 
the depositional environment - whilst CaC03, currently, is not - and suggests that silica 
crystallisation is a presently active process, discussed further below. 
7.3.2. Diagenetic processes: secondary silica precipitation 
Groundwaters within a 10 km radius of Lake Lewis are supersaturated with respect to 
quartz (Fig. 7.5) and large quantities of opaline and cryptocrystalline silica have 
precipitated and continue to precipitate from the groundwaters as they approach the 
playa. The Si02(aq) concentrations are below supersaturation with respect to amorphous 
silica (approximately 120 mgL-1; Fig. 7.5) and the Opal-A polymorph is not detected in 
XRD analyses. In contrast to the basin groundwaters, brine samples from beneath Lake 
Lewis, are undersaturated with respect to quartz (Fig. 7.5). This antithetic relationship 
indicates that almost all dissolved silica in the system is precipitated from the 
groundwater shoreward, before it reaches the discharge zone. Specifically, accumulated 
Si02(aq) in the system precipitates in the calcrete terrain surrounding Lake Lewis, 
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Plate 7.3. Silicified calcrete 
from 9. 9 m depth, Wilkie 
core, with opaline silica, 
semi-translucent grey 
colloform to botryoidal 
textures, infilling solution 
cavities in the calcrete, 
cream matt host. GR 
NARWIETOOMA 
249446. 
Plate 7.4. Moganitic silica 
in calcrete from 10.82 m 
depth, Wilkie core, 
showing replacive rather 
than void-filling textures. 

Plate 7 .5. Thin-section photograph of interspersed layers of colloform opal, black 
oxide (Mn02?) and sparry calcite infilling a void in calcrete (micritic CaC03) ; plane-
polarized light. Sample from dynamited boulders at Titra Well, originally from near 
the water table (Plate 4.8). 
Plate 7 .6. Thin-section photograph of fibrous chalcedony and cryptocrystalline 
intergrowths of chalcedony in a solution void in micritic to microsparite calcite. Straight 
boundaries between adjacent growth of drusy chalcedony fibres and triple points where 
three growths meet is characteristic of chalcedonic pore-filling; 10.82 cm depth, Wilkie 
core (Fig. 4.10). 389 

Plate 7. 7. SEM micro graphs of Si02 polymorphs. (a) Opal-CT in the form of tiny spherical 
aggregates (lepispheres) composed of thin crystal blades, Titra core, 573 cm depth. (b) Close-
up of opal-CT aggregates of (a). The crystal blades are 2-3 µm long and correspond to the 
{ 111} faces of crystobalite and {001} faces of tridymite. (c) Moganitic chalcedony, showing 
feint plate-like microstructure, Wilkie core, 1082 cm depth. (d) Moganitic chalcedony laths 
showing acute angles, feint chevron microstructural elements, and waxy lustre typical of 
chalcedony; Wilkie core, 1082 cm depth. (e) Microcrystalline palisadic quartz prisms growing 
in a fine-grained matrix ofmicritic Mg-calcite rhombs, Wilkie core, 1082 cm depth. (t) 
Microcrystalline quartz crystals on the surface of poorly-crystalline silica, Wilkie core, 1113 
cm depth. Diagenetic transformation from poorly ordered Si02 polymorphs, such as opal or 
chalcedony, to ordered quartz is by means of sluggish, progressive solution and reprecipitation. 
The transformation, or "ripening", is favoured at exposed surfaces where the silica can dissolve 
in pore fluids and where there is space for crystal growth. 
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Figure 7.5. Solubility for opal-A, opal-CT and quartz at 25°C in surface and 
near-surface systems and near-neutral pH (after Tardy, 1971; Drever, 1982; 
Williams et al., 1985). The vertical Quartz and Amorphous Silica solubility 
lines (dashed) indicate that, at ordinary temperatures and pressures, only 
solutions whose compositions plot on the quartz line are in equilibrium 
with quartz, and solutions that plot on the amorphous silica line are in 
equilibrium with amorphous silica. Compositions to the left of the quartz 
line (less than -8 mgL.1) are undersaturated with respect to quartz, and 
compositions that plot to the right of the amorphous silica line (greater than 
-120 mgL1) are supersaturated with respect to amorphous silica. Si02 (aq) 
concentrations of 37-107 mgL·1 in groundwaters in shallow aquifers (37 
analyses from 34 bores within a 10 km radius of Lake Lewis, from Table 
A4.2; mean 74.65 mgL·1 Si02) plot to the right of the quartz line and fall 
within the quartz supersaturation field. Opal-CT, chalcedony and 
cryptocrystalline quartz are actively precipitating from these waters in 
response to evaporation. The aqueous Si02 concentration is insufficient 
here to form Opal-A and this polymorph is not detected in XRD analyses. 
Si02 (aq) concentrations lakeward from the playa margin, in the brine pool 
beneath the playa, range from <1-10 mgL·1 ( 19 analyses from 4 piezometers 
and 5 shallow pits in the playa, Tables 6.3 and 6.4; mean 4.00 mgL·1 Si02), 
plot to the left of the quartz line and are undersaturated with respect to 
quartz. 
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leaving through-flowing shallow groundwaters almost completely depleted of dissolved 
silica. These facts are corroborated in Section 6.5 and Figure 6.11, with respect to 
groundwater chemistry data for all bores in the basin. 
Silica precipitation involves infilling of voids and replacement of host CaC03. Solution 
of carbonate and formation ofkarstic hollows and micro-scale pores is probably related 
to infiltration of slightly acidic waters and possibly also, in localised areas, to lowered 
pH where C02 is concentrated by means of decomposition of organic matter .. Thus, 
episodic percolation of acidic meteoric waters causes solution of host CaC03 and the 
creation of voids for migration of silica-saturated groundwaters. Calcium ions released 
through the dissolution of CaC03 are either transported in shallow aquifers down-
gradient towards the discharge zone where gypsum is precipitated, or remain in local 
waters from which CaC03 is re-precipitated during times of increased alkalinity. 
Although the pH of groundwaters in Lake Lewis basin are characteristically circum-
neutral (pH range: 6.87-7.53, average 7.1; Table 6.1), slight fluctuations from mildly 
acidic to weakly alkaline are indicated by alternating Si02 and CaC03 layers such as 
illustrated in Plate 7.5, which probably reflect surface water-groundwater interactions 
and percolation of rainfall down through karsts. Solution of the original CaC03 matrix 
followed by precipitation of films of opal has probably occurred in the presence of 
slightly acidic waters, no doubt involving interactions with meteoric waters infiltrating 
from above. Subsequent infilling has involved alternating deposition of calcite and opal, 
possibly indicating alternating hydrologic fluxes, alkaline to acidic, under evaporative 
conditions. Micro-laminae of black oxide (Mn02?) attest to oxidising conditions during 
the Si02-infilling phases. Solution of Si02 textures is not evident in any samples. Silica 
solubility is not dependent upon pH in the normal range of pH values, <9 (Siever, 1962; 
Williams et al., 1985), and the pH of groundwaters throughout Lake Lewis basin remain 
well below 9. 
The solubility of silica in solute-rich aqueous systems has been investigated by 
Greenberg and Price (1957), Siffert (1962), Kastner et al. (1977), and Williams and 
Crerar (1985). The importance of both Mg and OH is emphasised by Kastner et al. 
(1977) who have demonstrated that opal-CT formation is retarded in clay-rich 
sediments and favoured in carbonate sediments. Mg(OH)2 nuclei in carbonate sediments 
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catalyse silica and serve as sites for growth of opal-CT lepispheres (Kastner et al., 1977; 
Williams and Crerar, 1985). 
As well as the presence of solutes favouring Si02 nucleation in the Lake Lewis 
environment, it is proposed that evaporation and evapotranspiration processes are also 
important for silica precipitation from supersaturated waters. Observed petrographic 
textures indicating successive precipitation of colloform opaline films, and both fibrous 
radial growth of moganitic chalcedony and intergrowths of cryptocrystalline silica in 
pores in calcite, may reflect dominantly evaporative processes. As brackish 
groundwaters move sluggishly along the low-slope hydrologic gradient across the basin 
axis towards Lake Lewis they circulate through the karstic calcrete near the discharge 
zone where they are subject to particularly intense evaporation. Evaporation of localised 
groundwaters in host cavities enables water vapour to escape whilst thin layers of silica 
sequentially build up and consolidate, possibly quite rapidly if concentration of solutes 
and evaporative fluxes are acute. Co-occurrence of gypsum with secondary silica 
species, seen in the XRD sprectra (e.g., Fig. 7 .3 ), confirm the role of evaporation in 
these settings. Micro-laminae making up colloform opal such as illustrated in Plate 7.5, 
and radiating chalcedony fibres, such as illustrated in Plate 7.6, for instance, may also 
represent alternating wet and dry periods, with consolidation of silica laminae occurring 
during more arid conditions. 
The postulated scenario for Lake Lewis is analogous to that described by Darragh et al. 
(1966) for precious opal (amorphous silica) formation in arid inland Australia where 
progressive evaporation of pockets of groundwater result in concentration of masses of 
colloidal silica particles in residual solutions and where each generation of silica is 
intermittently subject to desiccation and hardening before successive silica layers are 
deposited. Another potential analog is the Coorong Lagoon in South Australia, where 
Peterson and von der Borch (1965) report active precipitation of gelatinous opal-
cristobalite. Similarly, Summerfield (1982) and McCarthy and Ellery (1995) describe 
silcrete formation in the Kalahari Desert involving progressive accumulation of thin 
films of opal and chalcedonic silica as a function of the groundwater chemistry under 
slow, steady hydrodynamics and intense evaporative concentration. 
Moganitic chalcedony at Lake Lewis, intimately associated with calcite, is crystallising 
from brackish groundwaters and is proximal to other evaporite minerals of the adjacent 
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discharge zone. Association of the moganite polymorph with evaporite minerals has 
been noted from arid areas elsewhere although it is also known .from non-evaporitic 
chert (Heaney et al., 1992). Most 'non-evaporitic chert' contains 5-15 wt% moganite 
whilst 'evaporitic cherts' often contain more than 20 wt% moganite (Heaney et al., 
1992). Kastner (1980) determined experimentally that 'length slow chalcedony' 
crystallised in slightly alkaline solutions (pH 7-9) enriched in Mg2+, Na+ and so/-. 
Heaney and Post (1992) suggest that the large amount ofmoganite (>30%) found in 
cherts .from arid, alkaline environments may serve as an indicator of evaporitic regimes. 
In the moganite type locality in Gran Canaria, moganite-enriched silica deposits (65-
80% moganite) are associated with gypsum and halite (FlOrke et al., 1984). A rich 
occurrence of moganite (35-40% of precipitated silica) has been documented from Lake 
Magadi, Kenya, in the East African Rift where it is associated with alkali carbonates 
and hydroxides (Heaney and Post, 1992). In the Magadi basin chert/moganite is forming 
from the precursor evaporite mineral, magadiite [NaSi70 13(0H)J·3H20), either when 
dilute surface runoff leaches sodium .from the magadiite (Eugster, 1969; Heaney and 
Post, 1992) or by spontaneous crystallisation from the magadiite with expulsion of 
sodium (Hay, 1968; 1970). Although magadiite is not identified at Lake Lewis, the 
association of moganitic chalcedony with other evaporite minerals is comparable to its 
mode of occurrence in arid regions elsewhere. The occurrence of moganite at Lake 
Lewis, where alkalinities are near-neutral, suggests that high pH conditions are not 
prerequisite for its crystallisation. 
The available information .from Lake Lewis suggests that silica initially precipitates at 
or near the groundwater table as opal-CT and moganitic chalcedony polymorphs, and 
these early metastable Si02·nH20 and Si02 species can subsequently mature into 
microcrystalline quartz, such as illustrated in Plate 7.7(f). In opal-CT, cristobalite grows 
at the expense of more porous tridymite, and in the case of both chalcedony and opal-
CT the size and degree of ordering of existing crystallites is increased during the 
ripening process to form microcrystalline quartz (Kastner et al., 1977; Williams et al., 
1985). The physical, chemical and kinetic constraints of the near-surface Lake Lewis 
environment are not conducive to significant precipitation of quartz directly from the 
groundwaters. Neoformed euhedral quartz crystals, as in Plate 7.7(e) and (f), are sparse 
in the Lake Lewis samples. Expulsion of both water and impurities from the poorly 
crystalline silica polymorphs must be part of the maturation process during 
neoformation of quartz. This transformation may, perhaps, occur in the semi-saturated 
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capillary fringe zone above the water table and is probably a slow process. Quartz 
crystal formation and quartz overgrowths are promoted by low concentrations of silica 
and low levels of impurity ions (Williams and Crerar, 1985), and probably also by 
porosity, in contrast with the formation of opal which is favoured by highly 
concentrated silica solutions, high rates of evaporation and the presence of impurities. 
Further, the hydroxyl ion can influence the activity of silica by catalyzing the 
crystallisation of amorphous silica to quartz (Hay 1966), so, again, interaction of waters 
of differing alkalinities may be implicated. 
The importance of widespread silica precipitation in the pl a ya margin cannot be over 
emphasised. Groundwaters migrating down the hydrologic gradient from the broad 
aureole of silicified calcrete are depleted of aqueous silica and this impinges greatly 
upon diagenetic processes at the groundwater discharge zone, as described below. 
7.4. ZEOLITIZATION 
7.4.1. Introduction 
Zeolites are hydrated aluminium silicates of sodium, potassium and calcium which most 
commonly occur in volcanic rocks and, more rarely, authigenically in sediments. As a 
mineral group, zeolites are characterised by high ion-exchange properties and by their 
capacity to readily hydrate and dehydrate. The present study focuses on the finding of 
authigenic analcime, Na(A1Si2)06-H20, in Lake Lewis, although other authigenic 
zeolites are also noted from the basin. 
Authigenic analcime was first recorded by Bradley (1928) from the Eocene Green River 
Formation, Wyoming, Colorado and Utah, and by Ross (1928) from lacustrine rocks in 
Arizona. Crystallised from solid aluminosilicates and sodium-rich solutions, authigenic 
analcime has since been described from fossil and modern saline lacustrine sediments in 
North America, East Africa and Europe (e.g., High and Picard, 1965; Hay, 1966; 
Sheppard and Gude, 1968; Iijima and Hay, 1968; Hay, 1970; Surdam and Parker, 1972; 
Surdam and Eugster, 1976; Gottardi and Obradovic, 1978). Generally, the reported 
analcime has formed by reaction between saline solutions and volcanic glass in 
pyroclastic sediments. Less commonly, analcime occurs in non-volcaniclastic 
sediments, from feldspar and clay-rich detrital sediments, in comparable saline aqueous 
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environments (e.g., Joulia et al., 1958; Vanderstappen and Verbeek, 1959; Van Houten, 
1960; Hay and Moiola, 1963; Hay 1966, 1970; Surdam and Eugster, 1976). In the 
Green River Formation, analcime occurs in shale, siltstone and tuffs where it is the most 
widespread and abundant of the silicate minerals (Milton et al., 1960). In the Olduvai 
Gorge, East Africa, both analcime and clinoptilolite have formed in lacustrine 
mudstones by reaction of clay minerals with saline alkaline brines (Hay, 1970). 
The occurrence of zeolites in an Australian salt lake setting has previously been 
recorded by Arakel (1987) and Arakel and Wakelin-King (1991) from a small playa 
system at Curtin Springs, east of Lake Amadeus, 250 km south of Lake Lewis. The 
formation of authigenic zeolites in central Australia is significant in that no volcanic 
rocks or pyroclastic sediments are involved. 
This section deals with the nature of zeolites at Lake Lewis: the occurrence of analcime 
is described in detail in Section 7.4.2., and other zeolites, for which only limited 
information is available, are reported in Section 7.4.3. Key processes, including solute 
acquisition, brine evolution, evaporative concentration, diagenesis of aluminosilicate 
minerals and authigenic crystallisation of the new mineral phases, are discussed in 
Section 7.4.4. 
7.4.2. Analcime in Lake Lewis 
Detailed analysis of lacustrine sediments was carried out on samples from the main 
lithostratigraphic facies in the eastern Lake Lewis area. Sampled facies include the 
Anmatyerre Clay from both the East Lewis drill-core and the base of Cliff Island 
pedestal, and the Latest Tilmouth beds from Cliff Island pedestal; the represented facies 
and sample sites are shown diagrammatically in Figure 7.6. The Anmatyerre Clay is 
illustrated in Plates 3.1 and 8.2, and the Latest Tilmouth beds in Plates 3.2 and 3.9. 
XRD results are summarised in Table 7.3 and XRF analyses are given in Table 7.4. 
Limited mineralogical analysis of the inset flood alluvium - or modern pl a ya sediment -
such as illustrated in Plate 3.13, was additionally carried out on samples from playa pits, 
particularly clay-rich layers. 
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Table 7.3. Mineralogy of East Lewis lacustrine clays. 
Bulk sediment samples 
QTZ KAOL ILL/MICA FELDS ANALC PDM CALC* TOTAL% 
99001 y y y y N N y 
99002 y y y y N N N 
ELOlOO 59.5 7.3 7.4 7 8.6 10.2 0 100 
EL0420 1.4 27.9 39.2 0 15.1 16.4 0 100 
EL0850 11.3 18.5 15.7 0 9.4 32.5 12.6 100 
EL1195 15.8 33.9 22.4 10.2 13.8 3.9 0 100 
< 2 µm clay fraction 
SMECT KAOL ILL/MICA FELDS ANALC CALC* CEC# 
99001 y y y y N y 43.6 
99002 y y y y N y 62 .6 
ELOlOO y y y y y N 20.4 
EL0420 N y y N y N 20.4 
EL0850 N y y N y N 18.9 
ELl 195 N y y y N N 20.4 
QTZ - quartz; KAOL - kaolinite; ILUMICA - illite/rnica; FELDS - feldspar; ANALC - analcime; PDM - poorly 
diffracting material (x-ray diffraction amorphous); CALC - calcite; SMECT - smectite. 
#Cation Exchange Capacity in rneq. Y =yes (present); N =no (absent) 
Sample 9900 I: Latest Tilrnouth Beds, island pedestal, Cliff Island: olive-grey lacustrine clay with gypsum. 
Sample 99002: Anmatyerre Clay, island pedestal, Cliff Island: brown lacustrine clay. 
ELO 100 - ELI ! 95 : Anrnatyerre Clay, East Lewis core; sample numbers relate to depth in centimetres. 
Gypsum contents are not recorded. Gypsum is present as post-depositional , displacive crystals. 
*calcite is present either as biogenic calcite, in the Latest Tilmouth Beds (Sample 99001), or, rarely, as inorganic, 
post-depositional, displacive calcite in Anmatyerre Clay (other samples). 
Quantification of bulk sediment assemblages described in Appendix 2.1. 
Table 7.4. X-ray Fluorescence analyses of East Lewis lacustrine clays. 
Sam11le 99001 99002 ELOIOO EL0420 EL0850 EL1195 
Major Elements (wt<>/o) 
Si02 42.93 49.79 76.23 45.65 43.00 49.66 
Ti02 0.60 0.70 0.53 0.67 0.81 1.19 
A!i03 15.71 18.97 9.31 20.94 16.65 20.33 
Fe20 3 5.47 8.45 2.36 9.25 5.99 6.97 
MnO 0.12 0.12 0.15 0.20 0.26 0.13 
MgO 2.82 2.85 0.90 2.15 4 .46 1.82 
Cao 8.72 0.56 0.36 0.28 5.02 1.07 
Na20 0.53 0.57 1.11 2.35 1.53 1.57 
KzO 2.71 3.07 2.53 3.54 2.97 3.23 
P20s 0.10 0.13 0.04 0.16 0.16 0.20 
LOI 20.18 14.74 6.47 14.79 18.90 13.75 
I 9.tqL ......... .... 9.9,~9. ....... 99-, 9.? ........ ~9. ,9.9 .. .. ... 9.9.-.9.& ....... 9.9 . .1? ........ 9.~ ,9.i 
ppm S 390 200 110 190 1130 310 
Sample 99001: Latest Tilmouth Beds, Cliff Island pedestal: olive-grey lacustrine clay with gypsum. 
Sample 99002: Anmatyerre Clay, Cliff Island pedestal: brown lacustrine clay. 
ELO I 00 - EL 119 5: Anmatyerre Clay, East Lewis core, sample numbers relate to depth in centimetres. 
Samples desalinated and air dried prior to analysis. Fe20 3 represents Total Iron. 
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Figure 7.6. Diagrammatic XRD/XRF sample sites from representative lacustrine facies: East 
Lewis core (samples ELO 100 - ELl 195, Anmatyerre Clay) and island pedestals (samples 
99001, Latest Tilmouth beds; 99002, Anmatyerre Clay). Analytical data is listed in Tables 7 .3 
and 7.4. Inset modem piaya sediment sampled from the top of the core and from playa pits 
(grey triangles) for mineralogical analysis. Pore fluid salinities shown in the column to the 
right (see also Fig. 6.8). 
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Figure 7.7. X-ray diffraction pattern for Anmatyerre Clay from below the water table, from 
420 cm depth in the East Lewis core. The sediment is generally poorly crystalline containing a 
large proportion of poorly-diffracting material (PDM). This x-ray amorphous aluminosilicate 
material is abundant in the pattern although reflections for crystalline analcime are prominent. 
Analcime peaks are annotated with arrows and d-spacing values; the three main analcime 
peaks are highlighted with asterisks. Other minerals present include kaolinite (K), illite (I), 
mica (M) and very minor quartz (Q). 
400 
Chapter 7. Dia genesis 
XRD and SEM analyses 
The bulk mineralogy of the Anmatyerre Clay in the East Lewis core (4 samples: 
ELOlOO-ELl 195; Table 7.3), all from below the water table, comprises quartz, 
kaolinite, illite/mica, feldspar, analcime, calcite and amorphous poorly-diffracting 
material (PDM). The bulk sediment samples reveal a wide range of quartz content, from 
59% (ELOl 00) to a negligible content of <1.4% (EL0420). Kaolinite content is low in 
ELOl 00 (7%) and substantial (up to 34%) in other samples. Illite/mica contents are 
likewise low in ELOl 00 (7%) and significant in the other samples (up to 39%). 
Analcime is identified in all these bulk sediment samples and the content ranges from 
8.6% (ELOlOO) to 15% (EL0420). PDM ranges from 4% (ELl 195) to 33% (EL0850). 
Calcite, where present, is taken to be either largely post-depositional and not part of the 
detrital assemblage, or represents microfossils (such as oogonia). The <2 µm sub-
samples show a similar assemblage to the corresponding bulk samples, excluding 
quartz. Analcime is present in three of the four <2 µm samples. Swelling clays are 
represented in only one <2 µm sample from the core, ELOlOO (listed in the smectite 
column); in this case, either a small amount of smectite or some interstratified smectite-
illite is represented by relatively minor displacement of XRD reflections at <6° 28 
following glycolation and heating. Cation exchange capacities (CECs) are consistently 
around 20 meq/l OOg. No zeolite group mineral other than analcime is detected in any of 
the samples. 
Figure 7.7 presents an XRD pattern for Anmatyerre Clay sample EL0420, with all 
major analcime peaks clearly depicted despite the poor crystallinity of the sediment 
overall. SEM analysis reveals small euhedral analcime crystals, <10 µm in diameter, 
associated with amorphous material, as shown in Plate 7.8(a)-(f). Commonly, the 
amorphous material has a gelatinous appearance, e.g., globules making up the matrix in 
Figure 7.8(e). Textural relationships revealed in the SEM imagery indicate that the 
pristine analcime crystals are in equilibrium with their surroundings and are currently 
crystallising at the expense of the amorphous material or gel. 
The composition of the Anmatyerre Clay (99002) from the Cliff Island pedestal differs 
from that in the East Lewis core (ELOlOO-ELl 195) in that analcime is absent and 
smectite clays (Fig. A2.1) are present. The assemblage in the Latest Tilmouth beds 
sample (99001) from the Cliff Island pedestal is similar to that of the underlying 
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Anmatyerre Clay in the pedestal, with analcime absent and smectite present (ignoring 
abundant gypsum in this unit). CECs in these lacustrine sediments above the water table 
are high, 44-63 meq/100 g (Table 7.3). 
Samples of clay-rich layers of modem playa sediment from near the top of the East 
Lewis core (EL0015, EL0050, EL0080; with sample numbers corresponding to depth in 
cm) and from Pits 1 and 4 - all from <l m depth, i.e., above the water table - all contain 
a similar mineral assemblage, namely, quartz, kaolinite, illite/mica and feldspar. Neither 
analcime or amorphous PDM is represented in this facies. 
XRF analyses 
Chemical compositions of the lacustrine sediment (samples 99001 , 99002, ELO 100-
ELl 195, Table 7.4) are generally comparable although sample ELOlOO differs from the 
norm. This sample, from 1 m depth in the core, has a markedly higher Si02 content (76 
wt%) and lower Alz03 (9 wt%) than the other samples. All other lacustrine samples, 
from both the core and the island pedestals, Anmatyerre Clay and Latest Tilmouth beds, 
have a moderate Si02 content of <50 wt% and high Ab03 content of near 20 wt%. MgO 
content in the sediment is generally low, <5 wt%. Na20 is low in all samples, <2.5 wt% 
but it is possible that sodium was leached from the sediment when the samples were 
desalinated to expel post-depositional brines prior to XRF analysis (the desalinisation 
procedure is described in Appendix 2). 
7.4.3. Other zeolites 
XRD analysis of four samples from 8-9 m depth in Napperby Delta drill-core indicate 
the presence of the following zeolite minerals: mordenite, chabazite and wairakite. 
Analcime is not identified. The deltaic sediment (Plate 7.9) is dominated by kaolinite 
and also contains detrital feldspar and quartz plus secondary silica in the form of 
colloform and laminar opal, iron oxides, and gypsum, the latter as late-stage void-infill 
(Plate 7 .10). The iron oxide spherules are described in Section 7 .5. The zeolites are not 
petrographically resolvable and have not been successfully identified by SEM because 
of the intense degree of alteration, induration and overprinting; these zeolite crystals 
may also be small and sparse. 
402 
Plate 7 .8. SEM micrographs of analcime crystallising from amorphous aluminosilicate 
material in Anmatyerre Clay at 420 cm depth in the East Lewis core (EL420). (a) to (d) 
Euhedral analcime to 9 µm diameter in pore spaces, crystallising from amorphous clay/gel. 
EDAX analysis of the analcime crystals gives Si-Al-Na peaks; the matrix clays having a 
similar composition but with some Kand/or Fe peaks. (e) Irregular and subhedral masses of 
impure analcimic material, with isolated euhedral analcime crystals occupying pore spaces in 
the centre left and upper right. The aluminosilicate matrix "globules" resemble frogs eggs or 
thick gelatin. (f) Close-up of two well-formed trapezohedron analcime crystals in the 
outlined area in Fig. (e); the crystals are almost 2 µmin diameter. The close-up also reveals 
the emerging analcime crystallinity of the isochemical subhedral matrix material. The 
structure of analcime deviates within cubic symmetry from (pseudo )cubic trapezohedron to 
icositetrahedron crystal forms, as represented here. 
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Mordenite, (Ca, Na2, K2)(A}zSi010)024·7H20], is a highly siliceous calcium-sodium-
potassium zeolite; all major diffraction peaks (d-spacings: 9.1, 13.7, 4.0, 3.48, 3.22 A) 
are represented in the analysed samples. The Si/Al ratio of most mordenites falls 
between 4.4 and 5.1, compared to a ratio of about 1.7 to 2.9 in analcime (Hay, 1978). 
Additional to being one of the most siliceous zeolites, mordenite is also one of the most 
hydrated; containing 3.0-3.5 molecules ofH20 per Al atom compared to analcime with 
1.0 - 1.3 molecules H20 (Hay, 1978). Mordenite most commonly occurs as long 
delicate fibres and as cottony aggregates (Gottardi and Galli, 1985) although its form in 
the Napperby Delta sediments is not known. Co-occurrence of mordenite and opal 
laminae in the analysed samples is tenable given that a silica activity higher than that of 
quartz, e.g., that of opal, is necessary for formation of this highly siliceous zeolite (Hay, 
1966). Laboratory experiments indicate that mordenite can crystallise from a solution 
having a relatively low pH whilst analcime may crystallise at the same temperature 
from a similar solution at higher pH (Hay, 1966), although at Lake Lewis, alkalinities 
appear to remain close to neutral in the respective sub-environments. 
Chabazite, [Ca2(A~Si8024)· 12H20], with substitution of K for Ca where potassium 
concentrations are high, has a Si/Al ratio of 1.7-3.8, and a cubic crystal form. Wairakite, 
Cas(Al 16Si32096)· l 6H20, has a Si/ Al ratio of 2.0 and is pseudo-octahedral in form. 
Mordenite, chabazite and wairakite in the Napperby Delta sediments are immersed in 
brackish groundwaters (1500-6700 mgL-1; pH= 6.5-7.5) and co-occur with substantial 
amounts of opaline silica. Solutes in local groundwaters include approximately 50 
mgL·1 Si02, 50 mgL·1 Ca, and 100 mgL·1 K (typical analyses from bores south of 
Tilmouth Well, Fig. 4.1 and Table A4.2). It is probable that the pH may commonly 
fluctuate to sub-neutral here where there is influence from fresh, mildly acidic creek 
waters in the delta substrate. In contrast, analcime occurs in highly saline solutions 
(>200,000 mgL.1) and in a Si-deficient environment down-gradient from the delta. A 
simple zonation is represented, with the respective zeolite species reflecting the solution 
chemistry, particularly silica contents and possibly pH also. 
7.4.4. Diagenetic processes: zeolitization 
Most of the following discussion concerns the occurrence of analcime in Lake Lewis for 
which substantial analytical data, plus information about the diagenetic setting, have 
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been collected. In contrast, little information can be obtained on the mode of occurrence 
of zeolites in the intensely altered Napperby Delta sediments, so diagenetic processes in 
the latter, more complicated environment are largely unresolved. 
The following facts are important to understanding diagenetic formation of analcime at 
Lake Lewis. Analcime occurs at and below the water table in the Anmatyerre Clay, i.e., 
from 1 to 12 m depth in the East Lewis core, and does not occur in sediments above the 
water table. Abundances of analcime are higher (> 13 % ) in samples that are high in 
Alz03 (20 wt%) and that contain high percentages of clay minerals and relatively low 
quartz content. Analcime formation is favoured by immersion of sediments in highly 
saline brines of at least 200,000 mgL-1 TDS, and analcime crystals are forming 
authigenically from amorphous to gelatinous aluminosilicate material in the 
palaeolacustrine sediment. 
The analytical data pertaining to the occurrence of analcime are from the East Lewis 
core and from a few sites in this vicinity, from playa pits and the nearby playa islands. 
Comparable analytical data from other parts of the playa and from the lacustrine plain 
are not available, so the spatial distribution of analcime in the basin is not known at 
present. 
Host aluminosilicate material 
The SEM imagery of the Lake Lewis samples reveals that amorphous to gelatinous 
material and access to pore fluids are key factors in analcime formation. Analcime 
crystallisation from gelatinous material has previously been documented from saline 
lake settings in the US and Africa. Van Houten (1960) recognised that analcime in 
argillite in the Triassic Lockatong Formation, New Jersey, formed at an early stage of 
diagenesis from a colloidal precursor or aluminosilicate mineral. A possible analog is 
represented in Lake Natron, Tanzania, where analcime is presently forming as a primary 
precipitate at the sediment-water interface in bottom muds of the lake (Hay, 1966). The 
sediments in Lake Natron are sourced from Precambrian crystalline rocks - comparable 
to Lake Lewis basin - so neither a detrital origin nor volcanic glass account for the 
analcime, but Lake Natron differs from Lake Lewis in that it is a high pH (>9.5) lake 
system. Eugster and Jones (1968) and Surdam and Eugster (1976), describe analcime 
formation from gelatinous material at Lake Magadi, although in this case the precursor 
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material is trachytic rather than detrital elastics and, again, this is a high pH lake. The 
latter authors also produced analcime from Magadi gel under experimental conditions. 
Smectite precursor? 
The genesis of the amorphous material in Lake Lewis is difficult to resolve 
conclusively. The antithetic relationship revealed in the XRD data between the presence 
of smectite and absence of both analcime and PDM in the lacustrine sediment of the 
subaerial island pedestals, and the absence of smectite clays and presence of analcime 
and PDM in contiguous and comparable sediment below the water table bears 
consideration. The fundamental difference between the two settings is the nature of 
interstitial brines below the water table, and the instability of clay minerals immersed in 
these brines. 
Detrital and/or authigenic aluminous smectites may have been present throughout the 
Anmatyerre Clay sedimentary pile when Lake Lewis was a freshwater to brackish lake. 
The mineralogical composition of the Anmatyerre Clay above the water table in the 
island pedestals may be representative of the composition of the former lacustrine 
sediment overall, before the lake evolved to a saline playa and before the system below 
the water table moved into the zeolite facies stability field in the face of silica-deficient 
brines. All requisite ions for smectite clay mineral formation are present in the whole 
Anmatyerre Clay column, above the water table as well as below. Although it seems 
likely that montmorillonite, beidellite or another aluminous smectite group mineral was 
once a component throughout the lacustrine sediment, the position of smectites in the 
H4Si04-H+-Na+ phase equilibria diagram ofDrever (1982) indicates that smectite 
minerals cannot coexist in equilibrium with solutions that are silica-deficient (Fig. 7.8). 
Any pre-existing smectite group mineral below the water table at Lake Lewis would 
have been amongst the earliest phases to break down with the progressive evolution of 
silica-deficient brines. 
The presence of amorphous material in the Anmatyerre Clay and at least some of the 
abundant dissolved Mg in surrounding brines may both be legacies of the inferred 
degradation of pre-existing smectite through prolonged interaction with silica-deficient 
brines. Competition for Ca2+ for formation of post-depositional intrasedimentary 
gypsum may also have exacerbated breakdown of any former smectites. The possibility 
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that smectites may have preceded analcime in the Lake Lewis assemblage may find 
support from salt lakes elsewhere. For instance, in Searles Lake, a Na-Ca-rich playa in 
the Californian basin-and-range province, montmorillonite in non-tuffaceous layers has 
been diagenetically altered to a suite of authigenic silicates that includes analcime and 
other zeolites (Hay and Moila, 1963). Partitioning of montmorillonite, analcime and 
amorphous silica at the micro-scale is described in the Triassic Popo Agie Member, 
Wyoming, by High and Picard (1965); in the case of Lake Lewis, partitioning of these 
three diagenetic mineral phases is observed at the landscape or sub-basin scale. 
Formation of analcime 
Regardless of whether the main precursor phase for the amorphous material at Lake 
Lewis was pre-existing aluminous smectite or not, progressive silica deficiency in the 
brine pool would have inevitably led to instability of feldspars and kaolinite in the 
Anmatyerre Clay, as portrayed in Figure 7.8. In this environment, these minerals are 
likely to have degraded to poorly crystalline or amorphous aluminosilicate substances, 
prior to formation of the new minerals. Slow groundwater seepage, sluggish flow rates 
in dense clay-rich sediment and cation exchange in protracted water-logged conditions, 
would be conducive to development of colloids and gels from clay minerals. 
The absence of aqueous Si02 and dissolved Ab03 in brines infiltrating the central 
lacustrine sediment at Lake Lewis (Table 6.3) implies that all silica and aluminium 
required for formation of analcime is derived from the in situ aluminosilicates. A Si/Al 
ratio of 2-3 is inferred for the amorphous material, commensurate with the cation ratio 
for sedimentary analcime (Hay, 1966). Sodium and H20, on the other hand, are 
sequestered from brines for analcime formation. It is proposed that globules of 
gelatinous material, such as shown in Plate 7.8(e), retain.silica and aluminium inherited 
from antecedent clay minerals, absorb water and dissolved sodium from interstitial 
brine, and expel Mg, Fe, Kand other unwanted ions and impurities during progressive 
arrangement of (SiA1)04 tetrahedra for analcime crystals. Availability of space in the 
dense matrix and longevity of contact between the aluminosilicate material and 
occluded brine are probably important factors, also. 
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Figure 7.8. Stability relationships among minerals in the system NaP-AlPi-Si02-
H20 at 25°C. Both smectite and analcime have compositional variations so these 
particular boundaries are imprecise. Analcime, (Na(AlSi2)06·H20), is probably more 
stable than albite, (NaA1Si30 8), in the upper part of the diagram. Magadiite, 
(NaSi10iOH)i·nHp), dotted line, is a sodium silicate documented from saline-
alkaline lakes in East Africa and the western United States (Eugster and Jones, 1968; 
Drever, 1982). Aqueous silica concentrations (mgL-1) added to the top abscissa (data 
from Tardy, 1971). Depletion of Si02 concentrations lakeward from the playa 
margin, in the brine pool beneath the playa, result in aqueous Si02 compositions that 
plot to the left of the quartz line (see Fig. 7.5). Undersaturation with respect to quartz 
in the brine pool, coupled with decreased ff activity due to consumption ofH+ 
during weathering of aluminosilicate minerals along the groundwater flow path, and 
increased aqueous Na+ due to evaporative concentration of this very soluble ion, 
result in the Si02-deficient phase, analcime, attaining equilibrium in the system. 
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Other zeolites 
Diagenesis in the Napperby Delta sediments is not straightforward or easily understood. 
The heterogeneity of the original elastic sediments, the presence of diverse authigenic 
phases - relative to the detrital assemblage - and the likelihood that both detrital and 
authigenic kaolinite are represented, coupled with the cryptic petrographic character of 
constituent zeolites, all impede clarification of the mode of occurrence of the zeolites 
recognised by XRD analysis. 
The nature of aqueous solutions, particularly the activity of dissolved silica, and the 
composition of reacting solid phases govern what zeolite group mineral will form. In 
particular, chemical activities of base cations, silica and water, all influence the 
crystallisation of zeolite species (Hay, 1966). The hydrogen ion competes with cations 
for the aluminosilicate framework, therefore, the activity ratio of hydrogen ions to base 
cations will determine what type of zeolite (or, indeed, whether a zeolite or diagenetic 
clay mineral) is formed in a given environment. According to Hay ( 1966), zeolites that 
require high ratios of base cations to hydrogen ions are characteristically favoured by a 
high pH. 
In Lake Lewis basin, variations in salinity and cation availability in shallow 
groundwaters and varied detrital sediments have no doubt contributed to the observed 
spatial zonation of zeolite species: siliceous mordenite and Ca± K-bearing chabazite 
and wairakite occur within deltaic sediments several kilometres from the lake 
depocentre, and the low-silica mono-ionic Na-bearing zeolite, analcime, occurs down-
gradient in lacustrine clays. Fluctuations to sub-neutral pH levels may characterise the 
deltaic environment, beneath the intersection of fresh, mildly acidic creek waters and 
hypersaline, slightly alkaline lakewaters, and consequent lower pH is likely to favour 
formation of more siliceous zeolites. In all cases, reaction between pore waters and solid 
aluminosilicate phases is applicable, with the silica content of zeolites generally varying 
inversely with the salinity of the solution in which they crystallise. 
It is possible at Lake Lewis that analcime is the favoured zeolite mineral beneath the 
playa, not only because of high salinity and low aqueous silica, but also if any Ca that 
becomes available is preferentially utilised for displacive gypsum formation within the 
sediment. In the deltaic setting, on the other hand, possible early displacive gypsum has 
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been dissolved (intimated by precursor voids, e.g., Plate 7.9) and Ca-bearing zeolites 
may have formed in response to the local availability of interstitial Ca. Only late phase 
gypsum now exists in the deltaic sediment, and this occurs in the voids that are 
separated from zeolitic sediment by opaline silica films (Plate 7 .10), suggesting that 
there is partitioning of the two minerals, gypsum and zeolites. Additionally, micro-scale 
partitioning of the zeolites and silica phases - both detrital quartz and secondary opaline 
silica - is also inferred. It is possible that kaolinite functions as a buffer zone between 
silica and zeolites, comparable to the situation in the Popo Agie sediments, cited above, 
in which amorphous silica and analcime are separated by zones of montmorillonite. In 
the case of the Napperby Delta, the zeolites may be forming at the expense of kaolinite 
in microniches segregated from siliceous phases. 
Overall, variations in salinity, pC02, Si02 activity, oxidation states, mineral 
assemblages and permeability are indicated by the secondary mineralogy in the 
Napperby Delta fluviolacustrine sediment. The complex relationships and overprinting 
of multi-phase diagenetic minerals in the deltaic facies preclude further resolution of the 
zeolitization processes in this environment. 
Timing of formation and climatic influence 
The timing of zeolite formation at Lake Lewis is constrained by the timing of elevated 
salinity levels of groundwaters and, by inference, to hydro logic closure of the basin and 
protracted evaporative concentration of solutes at the lake or groundwater discharge 
zone. The latter major processes are associated with the Tilmouth lacustral phase and 
the ensuing contracted lake setting, the onset of aridity and saline groundwater 
influence, and the development of playa conditions (events and processes that are 
described and discussed in Chapters 3, 4 and 5). It is postulated in Chapter 9 that these 
phases in the evolution of Lake Lewis may largely have developed during the Late 
Pleistocene, although definite age constraints are not available. Prior to this turning 
point towards major aridification, Lake Lewis basin was apparently a greatly expanded 
surface lake in which the Anmatyerre Clay had been deposited in a well-flushed, low-
salinity hydrologic system. 
Thus, substantial concentrations of dissolved Na, Mg, H4Si04 and other ions -
additional to Ca, HC03- and S04 that were progressively sequestered for calcium 
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carbonate and gypsum production - have accumulated in groundwaters at Lake Lewis 
during the Late Pleistocene, in response to continued inflow of solutes and evaporative 
concentration within the closed system. Conditions promoting silica precipitation were 
probably favourable throughout this period because of the availability of a suitable 
substrate, in the form of the broad, flat calcrete aureole around the playa, and were 
probably accelerated during times of high evaporation rates, increased water deficit, and 
the presence of evaporitic catalysts. Meanwhile down-gradient at the lake, alteration of 
in situ sediments would have proceeded in response to long periods of immersion in 
semi-stagnant brines in the poorly-permeable lacustrine clay. Degeneration of clay 
minerals and accumulation of amorphous products in the lacustrine sediment may 
represent tens to hundreds of thousands of years of diagenesis under these conditions. 
Incipient chemical disequilibrium in the system would have commenced with the 
precipitation of substantial quantities of secondary silica around the lake margin. This 
would have impinged on the composition of shallow groundwaters flowing lakeward. 
Production of large quantities of evaporites at the depocentre, with salinity levels 
increasing towards the present >200,000 mgL-1 TDS and dissolved Na concentrations 
approaching their present levels of around 77 ,000 mgL·1, may characterise 
approximately the last several tens of thousands to 100,000 years of basin evolution. 
Analcime formation by means of reaction between amorphous aluminosilicate material 
or gel and Na-rich, Si02-poor solutions is, therefore, tentatively regarded a Late 
Pleistocene manifestation at Lake Lewis and one which may post-date the last 
interglacial stage of around 130-110 ka, although the timing of the processes can only 
be conjectured. 
Rapid reactions in optimal conditions can alter vitric tuff to zeolite deposits in about 
1000 years (Hay, 1977). In the Holocene rhyolitic tuffs at Teels Marsh, Nevada, for 
example, Surdam and Mariner (1971) identified zeolites forming in a thin ash bed that 
may be no older than 600 years. Notwithstanding, investigations by Hay and Guldman 
(1986) of authigenic phases at Searles Lake, California, indicate that alteration of 
sediments to zeolite group minerals may take an order of magnitude longer than 
zeolitization of interspersed volcanic material. Lake Lewis brine, with near-neutral pH 
values (pH range 6.2-7.4, average pH 6.9; Tables 6.2 to 6.5), is far less alkaline than 
many well-documented environments in the US and Africa in which zeolites have 
readily formed. High pH levels seem to favour rapid zeolitization (Hay, 1966); reaction 
rates at Lake Lewis may therefore be much slower than in more optimal alkaline 
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settings. Analcime crystal size increases as a function of age in saline lake deposits 
(Hay, 1966) and the small crystallites, <10 µm, at Lake Lewis suggest that analcime 
may be relatively young or may be forming slowly. Sedimentary precursor material -
rather than highly reactive volcaniclastics - and neutral pH at Lake Lewis suggest a 
slow prelude to the establishment of the current favourable chemical environment for 
zeolite formation. 
Hydro logic closure of Lake Lewis basin will persist and salinity will continue to 
increase in the present hydrologic and climatic conditions in central Australia. Unless 
climate returns to overflow lake conditions, i.e., rainfall of 3 - 5.4 times the present 
rainfall or an evaporation/precipitation ratio of a quarter the present ratio (Section 5.6), 
the basin cannot be flushed and solutes will continue to accumulate in the closed 
system. It is further evident that, under prevailing conditions, abundances of both 
secondary silica precipitates and authigenic zeolites will increase at Lake Lewis with 
time. 
7.5. FERROL YSIS 
7.5.1. Ferrolysis in Lake Lewis basin 
Post-depositional ferrolysis, or oxidation and hydrolysis of ferrous iron, Fe2+, is 
common in both subaerial and subaqueous sediments across Lake Lewis basin. Selected 
examples are illustrated in Plates 7.9 and 7.11. In the heterogeneous Napperby Delta 
fluviolacustrine sediments, secondary iron oxide segregations occur as scattered red-
brown spherules through much of the core, particularly around the zone of water table 
fluctuation at around a few metres depth (Fig. 4.2; Plate 7.9). Here, in the delta setting, 
multiple diagenetic processes have intensely altered the original sediments, as described 
above, and ferrolysis is only one of several post-depositional overprints masking the 
detrital assemblage and primary sedimentary structures. The original ferromagnesian 
mineral grains that have become oxidised are not identifiable in thin-section but were 
probably amphiboles and/or biotites sourced from granites and gneisses outcropping in 
Stuart Bluff Range to the nearby north. The iron oxide product is most likely amorphous 
ferric hydrate such as "limonite", [FeO·OH-nH20] which is yellow-red, although there 
is XRD indication of lepidocrocite, [FeO·OH] which is brown-red. These hydrous iron 
oxides would tend to convert to goethite and hrematite, Fe20 3 (red), upon dehydration. 
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Diffuse hrematitic staining is also present in adjacent opaline silica films indicating co-
genesis of secondary silica and iron oxides and oxidising conditions for both diagenetic 
phases. 
Plate 7. 11 illustrates active ferrolysis in the aerated zone of the Causeway Bluff aeolian 
sediments, well above the level of water table fluctuations. In situ ferrolysis of a 
subangular hornblende grain to hrematite is clearly depicted; the euhedral form of the 
grain indicates limited transport and a probable provenance from alluvium around the 
nearby upwind granite inselbergs. The bright red colour indicates that the hrematite is in 
the form of specularite, characteristic of post-depositional oxidation of metastable Fe-
silicates. The hrematite is in the process of forming cutans around neighbouring quartz 
and other aeolian sand grains, and is also becoming a diffuse pigment through the 
micritic CaC03 matrix. Similar processes are associated with reddening ofregional 
linear dunes (Section 4.11) where detrital Fe-silicate sand grains are the original source 
of Fe2+, oxidised via meteoric waters percolating through the porous aeolian sand 
deposits. In these aeolian sediments, the hrematite tends to combine with illuviated dust, 
clay and silt to form substantial cutans around sand grains (e.g., Plate 4.17) - probably 
in a series ofreactions over time - to create typical reddened 'desert sand'. 
7.5.2. Diagenetic process: ferrolysis 
The process of ferrolysis is simply the oxidation of Fe2+ in ferromagnesian silicate 
minerals by reaction with oxygen to form oxides, or with water to form hydroxides and 
conversion of Fe2+ to Fe3+, e.g: 
4Fe2+ + 02 + 4H+ 
ferrous iron 
(Freeze and Cherry, 1979) 
adsorbed ferrous iron 
(van Breemen, 1988). 
4Fe3+ + 2H20 
ferric iron 
(3a) 
ferric hydrate+ adsorbed hydrogen 
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Plate 7.9. Napperby Delta 
core at around 7.5 m depth: 
kaolinitised and indurated 
fluvio lacustrine sediments 
with red-brown Fe-oxide 
alteration spherules and 
late-stage acicular gypsum 
infilling voids (small silver 
flecks; see Plate 7.10). GR 
NAPPERBY 251473. 
Plate 7.10. Thin-section 
photograph of gypsum laths 
infilling a void at 8.8 m 
depth in Napperby Delta 
core; plane polarised light. 
Surrounding fluvio-
lacustrine sediment has 
been highly altered by 
diverse diagenetic processes 
including zeolitization, 
oxidation, ferrolysis and 
silicification. Numerous 
voids in the indurated 
sediment such as this may 
have originally been 
displacive gypsum crystals 
that were dissolved, with 
later radial growth of 
pristine elongate gypsum 
crystals. GR N APPERBY 
251473. 

Plate 7 .11. Thin-section photograph of calcareous aeolian sediment from Causeway 
Bluff, composed of sub-angular quartz grains in a micritic CaC03 matrix; crossed 
polars. The subangular hornblende grain near the centre of the field of view (second 
order birefringence) is undergoing ferrolysis, with the resultant hrematite leaching to 
form coatings on neighbouring grains. In situ reconstitution of the micrite is 
represented by concentric textures around the sand grains. Sample locality shown in 
Figure 3.3. GR NAPPERBY 248458. 
Plate 7.12. Yellow camotite, K(U02)i(V04) 2.3H20, encrusting silicified palaeo-
lacustrine sediment at the water table redox interface; sample from Tanami Road 
quarry, Day Creek palaeochannel, locality shown in Figure 3.3. GR NAPPERBY 
259605. 
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Equation 3(a) is acid-consuming and 3(b) is acid-producing. The described examples of 
ferrolysis focus on inorganic oxidation processes; the degree and extent of bacterial 
involvement in oxidation of iron oxides at Lake Lewis is not known. 
Interestingly, the widespread Tilmouth lacustrine beds, containing 5-8 wt% Total Fe 
(Table 7.4), have generally not been subject to ferrolysis but retain a characteristic grey-
green colouration that is the inferred legacy of a chemically reducing depositional 
setting in anoxic bottom muds in the palaeolake (Section 3.2). 
In some groundwater discharge settings in Australia, ferric iron may precipitate directly 
from soluble ferrous iron borne in groundwaters when the latter are oxidised at spring 
zones or where in-flowing lower pH groundwater meets more neutral conditions at salt 
lake margins, e.g., at Lake Tyrrell, northwestern Victoria (Macumber, 1991 ). The latter 
process is not applicable at Lake Lewis because of low dissolved iron concentrations 
(generally <0.2 mgL-1) being transported in basin groundwaters (Section 6.5; Table 
A4.2). 
In shallow groundwater systems, ferrolysis reactions are acid-producing (Equation 3b ). 
However, commonplace alkali-silicate weathering reactions are alkaline-producing, e.g., 
alteration of feldspar to kaolinite generates hydroxide ions: 
These prevalent types of weathering or diagenetic reactions may contribute to 
neutralisation of a system (Mann, 1983), and may be partially responsible for near-
neutral pH of groundwaters within Lake Lewis basin (Tables 6.1 to 6.5), compounding 
the effects of relatively low bicarbonate and carbonate concentrations (Chapter 6). 
7.6. SULPHATE REDUCTION 
7.6.1. Sulphate reduction in Lake Lewis basin 
Influxes of fresh surface waters to Lake Lewis and the smaller playas of the basin 
during major episodic rainfall events result in influxes of detrital organic material, 
solution of efflorescent salt crusts, emergence of previously dormant aquatic organisms 
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from - or hatching of eggs from within - bottom muds, algal growth, and a series of 
chemical reactions involving gypsum, sulphate-reducing bacteria, organic matter, and 
iron in the lake sediments. One such event is described in Section 6.6 when substantial 
rainfall in early 1997 brought shallow surface waters into Lake Lewis, resulting in a 
burgeoning of biomass and broad-scale redox reactions. Plate 3.18 illustrates the 
aftermath of localised shallow inundation of the playa near the Napperby Delta apron, 
where a fresh, thin, smooth efflorescent salt veneer encrusts a black sulphide-rich mud 
layer. Plate 4.4 illustrates near-surface layers of gypsum crystals undergoing reduction 
to iron sulphide mud. 
7.6.2. Diagenetic processes: sulphate reduction 
Gypsum and clay-rich sediments provide a favourable chemical trap at the aerobic/ 
anaerobic interface where there is a transition between oxygenated waters and anoxic 
conditions. The lacustrine redox front is comparable to that in marine sediments 
described by Roberts and Turner (1993) where bottom waters normally contain 
dissolved oxygen but this tends to be consumed by oxic bacteria that use oxygen to 
convert organic matter to C02. 
Shallow, oxygenated lakewaters are the source of sedimentary organic matter that 
sulphate-reducing bacteria in the underlying bottom muds utilise for energy. In the 
anoxic substrate interstitial pore spaces in gypseous mud provide microniches for 
accumulation of sulphate dissolved from host gypsum. Desulfo-x anoxic bacteria 
metabolise the organic matter in the presence of the dissolved sulphate to produce 
hydrogen sulphide (H2S). The sulphate-reduction reaction occurs at the redox front in 
the pH range 5-9: 
(Trudinger et al., 1985; Warren, 2000), where CH4 represents a possible host of organic 
compounds. Excess H20 and C02 generated through the reaction have been seen to 
discharge in the playa floor by means of expulsion vents (Section 6.6; Plate 6.8). 
Oxygen for respiration is accessed by the bacteria from so/- which consequently 
reduces the sulphate to S03- or s2·• The bacteria survive but do not metabolise in muds 
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devoid of organic matter. Calcium released from precursor gypsum in this reaction can 
precipitate as inorganic authigenic carbonate or may possibly be available for use by 
(micro )organisms or remain dissolved in interstitial brine. In the presence of reactive 
detrital iron minerals, the sulphide produced during sulphate reduction can immediately 
precipitate as amorphous iron monosulphide (FeS) and metastable iron sulphide 
minerals. 
The first iron sulphide minerals formed from aqueous solution in these types of 
situations is the sulphur deficient mackinawite, FeS0 9, or pyrrhotite, FeS1.1; further 
reaction of either of these phases with sulphur will produce metastable greigite, Fe3S4 
(Roberts and Turner, 1993). Continued reaction to more stable pyrite, FeS2, is possible 
if there is ample H2S available and if the sediment is sufficiently permeable to enable 
access to the H2S for full pyritisation to proceed, otherwise the metastable iron sulphide 
phases will persist (Roberts and Turner, 1993). 
Subsequent abiotic oxidation of iron sulphide (FeS) can produce sulphate once more by 
direct reaction with oxygen: 
2Fe2+ + 4Sol· + 4H+ (6) 
(Giblin and Dickson, 1984; Macumber, 1992). Or: 
(7) 
(van Breemen, 1988). 
Oxidation of iron-sulphides to iron-oxides can occur by means of water table 
fluctuations and exposure of sediments to the atmosphere, or with influx of oxygenated 
waters or through bioturbation causing oxygenation of the reduced sediments. 
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7.7. CARNOTITE MINERALISATION 
7.7.1. Carnotite in Lake Lewis basin 
Carnotite, K(U02)2(VQ4)2·3H20, is a hydrated potassium uranium vanadate and a 
secondary uranium ore. In Lake Lewis basin carnotite occurs in association with 
calcrete and subjacent lacustrine sediments within the lacustrine plain. The main 
concentrations in Lake Lewis basin are located in the calcrete ground in the lower reach 
of the Day Creek palaeochannel east of the playa and to the immediate south, in the 
vicinity of New Well and Rembrandt Rock (Fig. 4.8). The depositional environment, 
typified by the Tanami Road quarry, is described in Section 3.2.5. The hydrated calcium 
uranium vanadate, tyuyamunite, 4[Ca(U02)2(V04)2· 10H20 ], has also been noted from 
the area (Hughes et al., 1972). 
Carnotite forms powdery, canary yellow-green encrustations, void fillings and 
discontinuous patches and is usually in close proximity to calcareous lithofacies. Plate 
7.12 illustrates the mineralisation on silicified green-grey palaeolacustrine sandy clay, 
sampled from the water table level, at 8 m depth in Tanami Road quarry (location 
shown in Fig. 3.3), beneath thick layers of calcrete; the stratigraphic setting is illustrated 
in Plate 3.7 and Figure 3.14. 
Uranium exploration has been carried out in Lake Lewis basin and is reported in 
unpublished company reports by Hughes et al., 1972; Hughes and O'Sullivan, 1972; 
Scott, 1973; and Howard, 1981 (housed by the NT Department of Mines and Energy). 
The carnotite deposits are all sub-economic in grade. 
7.7.2. Diagenetic processes: carnotite mineralisation 
Carnotite mineralisation processes in Namibia, South West Africa, and Western 
Australia have been investigated by Carlisle et al. (1978), and in Australian inland 
drainage basins by Arakel (1988). In all cases, the camotite deposits occur in granite 
provinces and in association with calcrete, or dolocrete, and sometimes with gypcrete 
deposits. In Australia the type locality is the Yeelirrie economic uranium deposit on the 
Yilgarn craton (Butt et al., 1977; Mann and Deutscher, 1978; Carlisle et al., 1978; 
Mann, 1983; Arakel, 1988). Carnotite in these settings is deposited in association with 
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the carbonate in trunk drainages and deltaic settings adjacent to salt lakes. 
Concentrations occur in areas of constricted groundwater flow, particularly where 
groundwaters are forced close to the land surface where they become subject to loss of 
C02, to evaporation and to oxidation. All these conditions are met within the lacustrine 
plain at Lake Lewis. The Day Creek palaeochannel uraniferous sediments are close to 
major basement highs, represented by inselbergs such as The Amphitheatre (illustrated 
in the Frontispiece) and Wirmbrandt Rock (see Fig. 3.3 for these locations with respect 
to the valley calcrete). Likewise, deposits at New Well are adjacent to Rembrandt Rock 
(Fig. 4.8; Plate 2.3). These localities are structurally complex in terms of basement 
topography, faulting and inselberg distribution, as depicted in Figure 2.12. Groundwater 
in the Tanami Road Bore (RN16883; Fig. 6.6), close to the Tanami Road quarry, is 
highly saline, TDS 20,900 mgL·1, (Aquifer depth, 17 m, SWL 9 m; Table 6.1) and the 
14C age is approximately 5,000 years BP (Table 6.8). The data, overall, suggest that 
groundwater flow here is sluggish and throughflow is restricted and probably occluded 
by subsurface basement highs. These conditions are optimal for carnotite 
mineralisation. 
Uranium in high concentrations in groundwaters at Lake Lewis probably originates 
from zircon and monazite in weathering granite (high concentrations of uranium and its 
daughter products are described in Section 3.6). Dissolved potassium is derived from K-
feldspar and micas in weathering granite. Some vanadium is probably derived from 
granite but may also come from mafic intrusions in the southern Lake Lewis catchment. 
High vanadium concentrations, 40-250 ppm, are also known to be associated with 
alluvial kaolinitic clays (Arakel, 1988). Dissolved U, V and K concentrations in Lake 
Lewis groundwaters in the calcrete zone are: up to 300 ppb U, up to 200 ppb V, and 600 
ppm K (Arakel, 1988), and analysis of groundwater from the Tanami Road quarry, 
sampled for the present study, give >500 mgL-1 K for this carnotite-rich area (Table 
6.1). Yellow-green groundwater in the Tanami Road quarry (Plate 3.7) indicates the 
presence of substantial dissolved uranium. Groundwaters in the calcrete zones are 
carbonated, oxidising and neutral to alkaline; therefore, uranium is inferred to travel in 
uranyl carbonate complex ions in solution (Mann, 1983; Arakel, 1988). Carnotite 
precipitation occurs close to the water table redox interface and is commonly 
concentrated beneath carbonate deposits, within an oxidising environment (Carlisle et 
al., 1978; Carlisle, 1983). 
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The following conditions and criteria favouring carnotite deposition relevant to the Lake 
Lewis occurrences are summarised from Carlisle et al. (1978) and Arakel ( 1988): 
Tectonic stability and long periods of weathering in granitic source terrain; a large 
catchment and low drainage gradients; an arid to semi-arid climate with evaporative 
concentration of Ca, Mg, K, U and V, and lateral transport of these solutes; ponding, 
constriction or enforced upward deflection of groundwaters at bedrock highs resulting 
in chemical barriers; accumulation of phreatic and vadose carbonate in poorly flushed 
internal drainage systems and consequent lowering of pC02 and destabilisation of 
uranyl carbonate complexes; and oxidation processes leading to carnotite precipitation 
and reconstitution. 
7.8. ALUNITISATION 
7.8.1. Alunite in Lake Lewis basin 
Alunite, hydrous potassium aluminium sulphate, [KAh(S04)2(0H)6], has been 
identified by XRD analysis of altered sediment from Wilkie drill-core. The location is 
shown in Figure 4.16, and the stratigraphy of the Wilkie core is logged in Figure 4.10. 
Some four metres of porous aeolian sand overlie calcretised, alunitised and silicified 
sediment. Whilst the degree and extent of calcretisation and silicification are apparent in 
the core and elsewhere in the area, the distribution and extent of alunitised sediments in 
the basin are not known. The analysed sample from Wilkie core, is from 4.95 m depth, 
located 2-3 m above the water table. The original medium-grained sand is interpreted to 
be flu vial, or possibly deltaic. The sediment is composed of subangular detrital quartz 
and orthoclase (KAISiJ08) sand grains in a matrix completely dominated by diagenetic 
minerals. The latter include abundant alunite and opaline silica plus cross-cutting veins 
ofmicritic calcium carbonate and dendritic pyrolusite (manganese oxide, Mn02). There 
is also accessory brookite (Ti02), which may be either detrital or secondary. The 
assemblage and textures are illustrated in Plates 7 .13( a) and (b ). 
All major diffraction peaks for alunite are identified: 2.99, 2.89, 1.93 A, and many 
minor peaks are also represented although these commonly coincide with peaks for 
feldspar and mica minerals. In thin-section the alunite is orange with an earthy to 
translucent texture. The poorly crystalline to amorphous texture is typical for diagenetic 
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Plate 7.13. Thin-section photographs of feldspars being alunitised, sample from 4.95 
m depth, Wilkie drill core, from 2.5 m above the water table (Fig. 4.1 O); plane 
polarised light: (a) alunitised feldspar and corroded arkosic detrital grains in a matrix 
of translucent orange alunite, possibly stained by limonite, plus veins of mi critic 
CaC03 and pyrolusite (Mn02); (b) orthoclase grain undergoing alunitisation; former 
contiguous portions of the same grain (asterisks) are now separated by implacable 
orange alunite; yellow, Fe-oxide stained folia of opal are draped left of the large 
orthoclase grain. GR NARWIETOOMA 249446. 
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alunite. The alunite matrix is closely associated with opaline silica laminae, the latter 
commonly forming concentric folia around relict feldspar(± other K-Al silicate 
mineral) grains that have been intensely corroded and alunitised, Plate 7.13(b). 
7.8.2. Diagenetic process: alunitisation 
Alunite, along with the alunite group mineraljarosite, [K.Fe3(S04)2(0H)6], has 
previously been documented from Lake Tyrrell in northwestern Victoria, from within 
the uppermost 20 cm of playa sediments in the spring zone of discharging acid-
hypersaline waters where gypsum and halite are also precipitating (Alpers et al., 1992; 
Long et al., 1992). Acidity (pH <4), and high dissolved iron concentrations in Lake 
Tyrrell groundwaters are attributed to oxidation of pyrite (Macumber, 1992), and alunite 
and jarosite are in equilibrium with these waters and are precipitating directly from 
dissolved K, Al, Fe3+ and S04 as the waters evaporate at the discharge zone (Long et al., 
1992). Alunite and subordinate jarosite have also been identified in 22 evaporitic lakes 
on Eyre Peninsula, South Australia, where the occurrences are related to highly acidic 
groundwaters and lakewaters in a granite province (Lock, 1988). Chemical weathering 
of granites provides the necessary amounts of silica, aluminium, iron and potassium to 
form kaolinite, al unite and jarosite. Amorphous silica and illite occur with the al unite, 
and the jarosite is most commonly associated with ferruginous spring sites. The age of 
the lake sediments is close to 5,000 years BP, placing a lower limit on alunitisation 
(Lock, 1988). A contrasting mode for alunite formation in the Yilgarn district, Western 
Australia, identified in clay pellets from gypseous lunettes, involves diagenetic 
replacement ofkaolinitic muds (Lock, 1988: pers. comm. from J. Bowler to D. Lock). 
Weathering granite terrain is a common feature of these SA and WA occurrences and in 
Lake Lewis basin also, however, the latter contrasts in that alunite formation here is not 
related to lake muds but to a subaerial setting. 
The Wilkie bore site is approximately 10 km from Lake Lewis and the alunite is located 
a few metres above the water table. Local groundwaters from Wilkie bore (RNl 852) are 
brackish (3198 mgL-1 TDS), and slightly sub-neutral (pH 6.5), and are, therefore, 
incapable of transporting Al3+ and Fe3+ in solution. The local soil pH is not known. The 
Lake Lewis basin diagenetic situation with respect to alunite formation appears not to 
involve groundwaters; even if the water table fluctuated 2-3 m above its present level, 
sufficiently to influence the substrate at 5 m depth, the groundwater chemistry is not 
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suitable for direct alunite precipitation. Different processes from those operating in Lake 
Tyrrell, the Eyre Peninsula lakes, and which formerly operated with respect to the 
Yilgarn clay pellet lunettes, cited above, need to be invoked for alunitisation in the Lake 
Lewis basin vadose setting. Alunite in Lake Lewis basin appears to have a pedogenic 
origin. Alunite has been recorded from a widespread weathering horizon associated with 
the Miocene Namba Formation at Lake Frome (Callen, 1977), and the occurrences in 
Lake Lewis and Lake Frome basins may be analogous. 
Petrographic textures in the Wilkie core reveal that alunite is being formed at the 
expense of feldspar, that the feldspar is being chemically attacked, and that production 
of secondary silica is closely associated with the transformation. The following 
processes are proposed for the genesis of alunite in Lake Lewis basin. 
If iron sulphides were once present in the Wilkie sediments - relict perhaps from diffuse 
fine-grained FeS2 in the reduced Early Tilmouth beds - oxidation of sulphur and iron, 
possibly microbially-mediated, could drive the alunitisation process by providing 
sulphate for the alunite and creating the requisite acidic environment; iron from the 
sulphides would be oxidised as described in Section 7.6.2. In the absence of pyrite or 
other iron sulphides, simple oxidation of interstitial hydrogen sulphide (H2S) may form 
sulphuric acid (H2S04) in descending meteoric waters. H2S may initially form during 
decomposition of organic compounds in the soil zone. Alternatively, hydration of 
sulphur dioxide to form aqueous sulphurous acid (H2S03) and further hydration to 
sulphuric acid may occur: 
and/or: 
(8b) 
Alternatively, solution of precursor pedogenic gypsum may be involved in providing 
sulphate to percolating meteoric waters for al unite formation whilst other pedogenic 
processes generate low pH conditions such that vadose moisture is more acidic than the 
underlying Wilkie groundwaters. The presence of abundant pyrolusite in the sediment 
attests to a highly oxidising environment which is requisite for alunite formation. It is 
assumed that the pH here is too high for jarosite formation, which is favoured in more 
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acidic conditions, and that Al3+ is the more dominant cation over Fe3+ so that alunite but 
not jarosite forms. 
Subsequent in situ altmitisation of K-feldspar grains by the action of the interstitial 
sulphuric acid to produce alunite plus excess silica is postulated. Micas, kaolinite and 
illite may also be involved in providing potassium and aluminium for formation of the 
K-Al sulphate and may degrade more readily than the feldspars in the face of slightly 
acidic fluids. Evaporative conditions affecting the near-surface sediment beneath its 
cover of porous aeolian sand no doubt greatly augment alunite precipitation. Thus, 
potassium and aluminium are sequestered directly from chemically degenerated detrital 
K-Al silicate minerals whilst S04 and OH are obtained from interstitial moisture, with 
evaporative processes driving the precipitation of amorphous alunite along with 
secondary silica laminae around the reaction sites. The petrographic texture of the 
sediment, particularly with regard to the corroded state of feldspar grains and the 
enveloping opaline silica films (Plate 7.13), strongly suggests that the proposed 
alunitisation mechanism is currently active in the basin. Further, given that the Wilkie 
setting and sediments are typical of hundreds of square kilometres of Lake Lewis basin, 
alunite may be a widespread diagenetic phase in the near-surface environment. 
7.9. SUMMARY 
• Long periods of weathering of Arunta granite-gneiss and Lake Lewis basin 
sediments and hydro logic closure of the system have resulted in high concentrations 
of dissolved ions in basin groundwaters and intense chemical evolution of the 
waters along the flow path between the recharge zone and the discharge zone. 
• Acquisition of dissolved silica and sodium by groundwaters from igneous and 
metamorphic rocks and associated alluvium is particularly important to diagenetic 
developments at Lake Lewis. 
• Supersaturation of groundwaters with respect to quartz (3 7-107 mgL-1 aqueous 
Si02) and the availability of catalytic ions, coupled with high rates of evaporation, 
favour precipitation of opal and chalcedonic silica, including moganite, from 
solution near the groundwater discharge zone. The calcrete aureole surrounding the 
playa is the host for secondary silica accumulations. Poorly crystalline Si02·nH20 
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and Si02 phases slowly mature to microcrystalline quartz at suitable micro-scale 
sites. 
• Through-flowing groundwaters down-gradient from the zone of silica precipitation 
are depleted in dissolved Si02 (<10 mgL-1). 
• Long periods of weathering and diagenesis of clay-rich lacustrine sediment 
immersed in semi-stagnant brines at Lake Lewis has transformed detrital minerals, 
and possibly also pre-existing detrital and/or authigenic smectites, to significant 
proportions of amorphous or gelatinous aluminosilicate material. 
• Aluminosilicate phases beneath the playa have become metastable in the presence of 
evolved Si02-deficient interstitial solutions in the brine reservoir. 
• The Na-rich zeolite group mineral, analcime, is stable in the presence of silica-
deficient interstitial brine and is crystallising authigenically below the water table 
from amorphous aluminosilicate material/gel in the Anmatyerre Clay, with sodium 
ions and water molecules being sequestered from pore fluids. 
• Ca- and K- bearing zeolite minerals are present in highly altered fluviolacustrine 
sediments in Napperby Delta; diagenetic processes here are not well constrained. 
• No volcanic rocks or pyroclastic sediments are involved in these authigenic 
occurrences of zeolites. 
• Significantly, authigenic crystallisation of zeolites at Lake Lewis appears to be 
occurring in near-neutral pH conditions. High pH conditions, such as documented 
from zeolitic sedimentary basins elsewhere, have not been detected at Lake Lewis. 
• Subaerial and subaqueous post-depositional ferrolysis, or oxidation and hydrolysis 
of ferrous iron, are common diagenetic processes across the basin. 
• Bacterially-mediated sulphate reduction affects surface and near-surface gypsum 
deposits in the playas following influxes of ephemeral surface waters and associated 
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inputs of organic material. Metastable iron sulphide minerals are produced via a 
series of reactions involving gypsum, Desulfo bacteria, organic matter, and iron in 
the lacustrine sediments. 
• Carnotite mineralisation occurs in calcretised palaeochannels where there are 
basement highs that influence groundwater flow. Uranium, potassium and vanadium 
are sourced from weathering granites and metamorphic rocks in the catchment area. 
Lateral transport and evaporative concentration of the solutes, physical and chemical 
barriers, carbonate deposition and oxidation all promote carnotite precipitation. 
• Al unite is formed in the vadose zone from the action of sulphate-bearing interstitial 
fluids on detrital feldspar grains. Potassium and aluminium are sequestered from the 
precursor silicate minerals and the K-Al sulphate is precipitated under evaporative 
conditions. Excess silica derived from the alunitisation process forms opaline films 
around the reaction sites. 
• Continued hydrologic closure of Lake Lewis basin and continued semi-arid 
conditions in the central Australian region will result in increased solute 
concentration in basin groundwaters and ongoing dominance of evaporation-driven 
processes. Persistence of these conditions will result in increased silicification, 
zeolitisation, camotite and alunite precipitation and other water-sediment 
interactions that currently characterise diagenetic processes at Lake Lewis. 
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CHAPTER 8. QUATERNARY CHRONOLOGY 
8.1. INTRODUCTION 
Part IV of the thesis comprises two chapters: the present chapter on the Quaternary 
chronology, and Chapter 9, which presents a synopsis of the palaeoenvironmental 
evolution of the basin and summarises this PhD project. The absence of appropriate 
material in Lake Lewis basin for either numeric or biostratigraphic dating limits the 
options for constraining the chronology of major sedimentary deposits. Distinctive 
marker beds in the lacustrine sedimentary column are lacking and intense oxidation 
through time has eliminated any pollen from the stratigraphic record. Furthermore, the 
application of luminescence dating techniques is limited to latest Pleistocene and 
Holocene sediments by high regional radioactivity which is commonly inherent in 
Australian Proterozoic granite provinces. Open system behaviour and high water tables 
of uranium-rich groundwaters near the discharge zone impedes utilisation of the U-
series disequilibrium technique to date materials such as calcrete and silcrete from the 
basin axis. This chapter describes work conducted to date various sediments in the 
basin, whilst dating of groundwater is described in Chapter 6. 
Four dating methods have been used in the present study to provide a chronological 
framework for key sedimentary units: magnetostratigraphy, optically stimulated 
luminescence (OSL), amino acid racemization (AAR) and radiocarbon dating. The 
methodologies applied and results are described below: Magnetostratigraphy in Section 
8.2 and OSL in Section 8.3. Amino Acid Racemization data from Lake Lewis have been 
provided by G. Miller and C. Hart and are presented in Section 8.4, and unpublished 
radiocarbon data have been provided by P.Patton and G. Pickup to complement the 
study and are presented in Section 8.5. The main findings of the chronological 
investigations are summarised in Section 8.6. Background information on the 
chronologic methods is provided in Appendix 3. 
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8.2. PALAE01\1AGNETIC DATING 
8.2.1. Introduction 
Magnetic reversal stratigraphy, or magnetostratigraphy, was used to establish a time 
scale for the uppermost lacustrine sedimentation in the eastern part of Lake Lewis and 
in Lake Waudby, and for heterogeneous sediments in the Causeway Bluff profile; the 
locations of the three investigated sites are shown in Figure 8.1. Lake Waudby is 27 km 
west of the East Lewis drill-hole site; the Causeway Bluff profile is 5.5 km south of the 
East Lewis site. Lake Lewis and Lake W ;mdby playas are remnant segments of much 
larger lake phases at Lake Lewis, as described in Chapter 5. During perennial surface 
water conditions, before expanded palaeolakes contracted to the present-day scattered 
playas and pans, the East Lewis and Lake Waudby localities were part of a single, 
enlarged and long-lasting depocentre for lacustrine sedimentation at Lake Lewis. Apart 
from the uppermost 0.8 - 4.0 m, the cores recovered from the East Lewis and Lake 
Waudby drill-holes are composed of Anmatyerre Clay, with no facies changes or 
erosional breaks. The East Lewis core is described in Section 3.2.2. and illustrated in 
Figure 3.4 and Plates 3.1and8.2. The Lake Waudby core is described in Section 4.3.1. 
and illustrated in Figure 4.4. Causeway Bluff is composed of heterogeneous indurated 
calcareous aeolian deposits overlying a pedestal of palaeolacustrine sediment, the Early 
Tilmouth beds. These units form cliffs adjacent to the eastern end of the playa; the site 
is described in Section 3.2.4 and illustrated in Figure 3.13 and Plates 3.6 and 8.1. The 
geomorphic setting of eastern Lake Lewis, including the Causeway area, is illustrated in 
Figure 3.1, and that of Lake Waudby in Figure 4.3. 
The aim of the palaeomagnetic investigations was to decipher the pattern of normal and 
reversed polarities recorded in the Anrnatyerre Clay lacustrine sediment to provide a 
chronology for deposition of the clay in the perennial palaeolake setting. 
Palaeomagnetic correlation is the only appropriate technique available to establish a 
chronology for much of the Quaternary sedimentation in environments such as Lake 
Lewis. The well-exposed Causeway Bluff profile was selected for palaeomagnetic 
analysis because the Brunhes-Matuyama boundary has previously been identified in 
aeolian sediments and associated evaporites in Lake Amadeus (Chen and Barton, 1991 ), 
and, thus, it is possible that Matuyama Chron 'arid facies' might also be present at Lake 
Lewis, 250 km to the north. The well-exposed profile at Causeway Bluff was 
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specifically selected to test this possibility because the degree of induration and 
ferruginisation of these sediments suggested that they may represent the oldest extant 
aeolian deposits at Lake Lewis. 
Palaeomagnetic methods were expected to succeed at Lake Lewis as lacustrine 
sediments elsewhere have yielded high-resolution magnetic inclinations that agree with 
historic geomagnetic field data or, for longer time scales, with predicted inclinations. 
For example, Barton and McElhinny ( 1981) obtained detailed secular variation records 
at 500 year intervals for the Holocene geomagnetic field from radiocarbon-dated 
sediment cores from volcanic crater lakes in south-western Victoria. Those authors also 
experimented with laboratory redeposition of sediments from the Victorian volcanic 
lakes that yielded no inclination errors (Barton and McElhinny, 1979). Similar detailed 
palaeomagnetic secular variation data has been obtained for lacustrine sediments from 
the Pleistocene lakes Bonneville, Mono and Lahontan in southwestern USA (Liddicoat 
and Coe, 1998). In the case of the Lake Lewis sediments, suitable materials for 
obtaining radiocarbon and potassium-argon (K-Ar) dates with which to calibrate 
variations in the palaeomagnetic field are not available. Accordingly, the Lake Lewis 
investigation used only the broader application of magnetic stratigraphy, i.e., the 
estimation of polarity intervals from magnetic information discerned in the sediments. 
The study thus focused on identification of coarse-resolution palaeomagnetic polarity 
orientations for correlation with established geomagnetic polarity intervals for the 
period of deposition. Adjunct to this main objective, the study aimed to characterise the 
nature of post-depositional processes that have affected the sediments and which have 
almost certainly influenced the palaeomagnetic information derived from analysed 
samples. 
Magnetostratigraphy is based on the principle that during deposition of sediments, 
magnetic iron oxide minerals align themselves with the magnetic field that exists at the 
time of deposition. The bulk property of the sediment associated with this preferred 
alignment of grains is known as primary remanent magnetism, which serves as a 
geomagnetic field recorder. It has been established that the north and south poles of the 
earth's magnetic field have reversed periodically. The global geomagnetic polarity time 
scale was originally constructed from radiometric K-Ar dating of igneous rocks and 
marine magnetic anomalies (e.g., McDougall, 1979; Mankinen and Dalrymple, 1979). 
Refinement of the time scale has been possible with high-resolution stable isotope 
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Plate 8.1. Palaeomagnetic 
profile at Causeway Bluff; 
location shown above and 
stratigraphy detailed in Fig. 
3.13. The bluff is capped with 
a highly indurated calcrete 
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analysis ofbenthic and planktonic foraminifera from biostratigraphic horizons in Ocean 
Drilling Program deep-sea cores (e.g., Shackleton et al., 1990). Further calibration has 
been afforded by detailed records of climatically linked CaC03 cycles that correspond 
with the earth's orbital cycles of precession and eccentricity (e.g., Hilgen, 1991 ). 
Biostratigraphic refinements, in particular, delimit relatively short-term polarity events. 
The present Brunhes Chron, or Epoch, began about 0.78 Ma (780 ka) and has been 
assigned "normal" polarity. The Brunhes Chron was preceded by the Matuyama Chron 
with reversed polarity for well over one million years although interspersed with several 
short episodes of normal polarity. A global geomagnetic polarity time scale for the 
upper Pliocene-Pleistocene is shown in Figure 8.2. 
An isoclinic chart of the earth's magnetic field shows that the present-day magnetic 
inclination for the Lake Lewis area is -56°. Ferromagnetic grains in sediments currently 
being deposited in the basin are, therefore, expected to acquire a magnetic inclination of 
approximately -56° upon deposition. The Geocentric Axial Dipole (GAD) inclination 
for Lake Lewis located at latitude 23° Sis -40.22°. The GAD inclination (I) indicates the 
mean position of the rotation of the di polar geomagnetic field axis. This is derived from 
"the dipole equation": 
tan I = 2tan2 
where A. is the geographic latitude, with I increasing from -90° at the geographic south 
pole to 0° at the equator to +90° at the geographic north pole; declination for GAD is 0° 
everywhere on the globe (Butler, 1992). The GAD describes the mean geomagnetic 
field during either normal-polarity or reversed-polarity intervals. 
Fundamental principles of palaeomagnetism on which the Lake Lewis study is based 
are drawn largely from Butler (1992). 
8.2.2. Ferromagnetic mineralogy 
Magnetite (spinel-structured Fe +2Fe +3 20 4) is an important detrital ferromagnetic mineral 
in Lake Lewis basin, derived originally from Arunta Craton metamorphic rocks and 
granitoids, and the ancient sedimentary sequences of the Amadeus and Ngalia basins. 
The airborne magnetic image of Lake Lewis basin, Figure 2.2., shows the distribution of 
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highly magnetic rocks (dark grey) relative to more poorly magnetic rocks (pale grey). 
Additionally, highly magnetic lithologies are clearly depicted as red to white anomalies 
in colour airborne magnetic imagery around Lake Lewis, such as shown in Figures 2.5 
and 2.12. For the most part, these high total magnetic intensity (TMI) responses indicate 
magnetite-rich rocks in the basin, both subsurface and outcropping bodies, with many of 
the latter being drained by creeks that flow to Lake Lewis. Importantly, several hundred 
square kilometres of steep mountainous outcrops in the basin expose bedrock lithologies 
that typically contain abundant magnetite, i.e., mafic granulites and amphibolites of the 
Narwietooma and Bunghara metamorphic complexes in the catclunents of Derwent and 
Dashwood creeks. Additionally, other magnetic units include anorthosite, well exposed 
in Mount Hay and drained by Charley and Anburla creeks, and a gabbronorite layered 
mafic intrusion at Redbank Hill, sourced by the middle reaches ofDashwood Creek. 
Petrographic thin sections of fluvial and aeolian sediments from within the basin reveal 
the presence of substantial opaque iron oxides which are taken to be magnetite or 
oxidised products of magnetite. The presence of magnetite in the lacustrine sediments is 
more cryptic because of the fine grain size and sesquioxide composition, the latter being 
a legacy of post-depositional processes. 
Notwithstanding the widespread availability of detrital magnetite in the catclunent, 
XRD and SEM analyses of Lake Lewis sediments indicate that magnetite is a minor 
constituent in the lacustrine and aeolian sediments at the depocentre. It is present, 
however, in a few lacustrine samples, as verified by marked demagnetisation trends 
around the 580°C, the Curie Point (Tc) for magnetite. Where present, detrital magnetite 
is very fine-grained (<l µm), poorly crystalline and probably sparsely disseminated in 
the clay-rich sediment that is dominated by amorphous aluminosilicate material and 
subordinate kaolinite, mica, quartz and post-depositional analcime. The amorphous 
composition of the Anmatyerre Clay (see Section 7.4) and the fact that the sediments 
have long been immersed in groundwaters suggest that colloidal magnetite may well be 
represented in the samples. The bulk chemical analyses of the Anmatyerre Clay 
lacustrine sediments show substantial Fe20 3 contents of 2.4 to 9.3 weight% (Table 7.4). 
Much of this iron seems to be contained in oxidised ferromagnetic and 
anti ferromagnetic minerals rather than magnetite. Thin-sections of the Causeway Bluff 
sediment reveal subangular opaque iron oxide grains to 0.5rnm diameter that are 
probably either magnetite or maghemite, with reaction rims of hrematite. These grains 
make up less than 1 % of the total sediment. 
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Maghemite (y-Fe20 3 spinel structure) is formed by oxidation of magnetite in low-
temperature settings, causing cation deficiency in the original magnetite spine! structure. 
Maghemite is a particularly important ferromagnetic constituent in the fine-grained 
lacustrine sediment at Lake Lewis and is evidently far more abundant than magnetite. 
Numerous analysed samples of the lacustrine sediment reveal pronounced 
demagnetisation trends at around the 350°C Tc for maghemite, substantiating its 
presence as a common ferromagnetic mineral. Much of the widely distributed 
maghemite in the lacustrine setting may be authigenic, since the oxidation of magnetite 
to maghemite usually requires hydrous conditions and these sediments have a long 
history of saturation by groundwaters. 
Hrematite (a-Fe20 3, chemically identical to maghemite but hexagonal in structure) is 
occasionally detected in XRD spectra for the lacustrine sediment although it represents 
a small percentage of the bulk sediment. The hydrous conditions imposed on the 
lacustrine sediments implicates the likely presence ofhydrohrematite (Butler, 1992). 
Hrematite is relatively abundant in the mineral assemblage of the aeolian component of 
the Causeway Bluff sediments where it occurs - probably in combination with clay 
minerals - in cutans around quartz and other aeolian grains, and as hrematite pigment 
throughout the micritic CaC03 matrix. The pervasive hrematite staining in the 
Causeway Bluff sediments is interpreted as the product of in situ ferrolysis of 
metastable ferromagnesian mineral grains, such as biotite and amphibole (e.g., Plate 
7 .11 ). The bright red colour indicates that the hrematite is in the form of specularite 
grains, characteristic of post-depositional oxidation of Fe-silicates (Section 7.5). 
Admixtures of magnetite-maghemite-hrematite are likely in individual grains that have 
been subject to oxidising conditions or to alternating oxidising-reducing conditions 
since their original derivation from igneous-metamorphic source areas. Thus, it is 
assumed that the major ferromagnetic mineral in the crystalline bedrock of the Lake 
Lewis basin was magnetite and that this became oxidised to varying degrees during 
fluvial, lacustrine and aeolian phases of transport and deposition and via in situ 
alteration by groundwater. Impure mixtures of spinel structures, cation deficient 
structures and hexagonal structures making up the ferromagnetic mineralogy of the 
sediments are expected to complicate the magnetism and magnetic behaviour of the 
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sediments. This is particularly the case for fine-grained sediments such as those from 
East Lewis and Lake Waudby. 
Iron-oxyhydroxides, such as lepidocrocite,y -FeOOH, and goethite, FeO(OH), derived 
from iron silicates and iron oxides at low temperatures, are paramagnetic constituents in 
the Lake Lewis core sediments and in the basal pedestal of Early Tilmouth beds at 
Causeway Bluff. These are common iron-oxyhydroxides in the weathering environment 
generally. Goethite was identified where pronounced demagnetisation trends occurred 
during heating above the-120°C Neel temperature (TN) and also where goethite seems 
to have been dehydrated to (proto )hrematite or converted to hrematite with laboratory 
heating to 300°C during demagnetisation procedures. Lepidocrocite has been identified 
by XRD analysis of basin sediments sampled from below the water table. The presence 
of lepidocrocite and goethite suggests redoximorphic conditions and varied stages of 
dehydration in and around the present-day playa. Given the very fine grain size of the 
lacustrine clay and its long period of saturation in surface waters and groundwaters, it is 
also likely that amorphous ferric hydroxide/ferrihydrite (hrematite with H20 and OH-
instead of 0 2) is an important iron oxide component. 
Detrital titanomagnetite (Fe2 Ti04 to Fe30 4 solid solution series) may also be present 
although this has not been verified from mineralogical analyses of the samples. 
Titanohrematite (FeTi03 to Fe20 3 solid solution series), derived from ilmenite, has not 
been detected in XRD spectra for the lacustrine sediments although it may be present as 
a poorly crystalline fine-grained constituent. The 0.5 to 1.2 wt% Ti02 in the lacustrine 
sediments (Table 7.4) may, alternatively, be contained in anatase and/or rutile rather 
than a ferromagnetic phase. 
The original detrital iron oxides in the Lake Lewis, Lake Waudby and Causeway Bluff 
sediments are taken to be polygenetic as well as polymineralogic. Additional to 
Proterozoic and Palaeozoic bedrock outcrops and alluvium, the catchment for Lake 
Lewis includes extensive exposures of ferricrete (Plate 2.4) and widespread alluvial 
fans, both of which are reservoirs for large quantities of detrital magnetite, maghemite, 
hrematite and goethite. Processed Landsat TM imagery provides an indication of the 
broad distribution of iron oxide -rich regolith types - represented by green in Figure 4.7, 
for example - in the landscape of the basin. Additionally, iron-silicates such as garnets, 
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pyroxenes, amphiboles and biotite are abundant in some of the crystalline bedrock 
outcrops and these minerals have the propensity to alter to ferromagnetic minerals. 
Weathering and groundwater influences in the Lake Lewis environment have 
profoundly affected the original ferromagnetic minerals, and substantial new 
ferromagnetic minerals can be assumed to have formed. In particular, oxidising near-
surface conditions tend to transform magnetite to higher oxidation states, and 
maghemite and hrematite are expected to be prevalent ferromagnetic and 
antiferromagnetic minerals in the Quaternary sediments in the basin, with localised 
further alteration ofhrematite to goethite in oxidising conditions. Widespread bushfires 
that commonly occur across the region - the scars of which are clearly depicted in 
processed Landsat TM imagery of the area - have the potential to convert paramagnetic 
Fe-bearing minerals to maghemite. This conversion occurs at temperatures above 200°C 
in the presence of organic matter whilst the conversion of magnetite to maghemite 
occurs at 330° - 450°C (Butler, 1992). 
The Lake Lewis sediments have been subject to either subaqueous diagenesis and/or 
subaerial weathering processes for tens to hundreds of thousands of years. Specific 
manifestations of diagenesis of the lacustrine sediments and the Causeway Bluff 
sediments are. described and discussed in Chapter 7. The lacustrine sediments with the 
highest magnetic susceptibilities are those from the uppermost metre in the cores. The 
reasons for this trend are no doubt complex, however, it is likely that the proportion of 
magnetite to hrematite is greater here because diagenetic processes have been in effect 
for a shorter duration. Detrital magnetite remains well represented in the uppermost 
inset sediments, the 'modern playa sediments', which have had less time to be affected 
by intense diagenetic processes and are mostly above the water table and seldom fully 
saturated. 
Ferric iron in some playa settings may precipitate directly from soluble ferrous iron 
borne in groundwaters when the latter are oxidised at spring zones (see Section 7.5). 
This source of iron mineralisation and potential complication for magnetic signatures in 
near-surface sediments is ruled out at Lake Lewis because extremely low dissolved iron 
concentrations are being transported in basin groundwaters (Table A4.2). 
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The growth of non-ferromagnetic diagenetic minerals such as intrasedimentary gypsum, 
smectite clays and zeolites in the lacustrine sediments have the capacity to physically 
disrupt the detrital disposition of ferromagnetic particles in the sediments. For example, 
Plate 3 .14 shows large intrasedimentary, gypsum crystals that have grown within the 
upper modem playa sediments at the East Lewis site, crystallised from CaS04-saturated 
groundwaters at the water table. Petrographic examination of these gypsum crystals 
shows angular opaque iron oxides incorporated, along with hrematite-coated quartz 
grains, in the neoformed gypsum crystal structure. Poikilitic grains would tend to 
become reorientated from their original detrital dispositions during gypsum crystal 
growth. Likewise, displacive intrasedimentary gypsum crystals in the Anmatyerre Clay 
column (e.g., Fig. 3.4) would have dislodged ferromagnetic particles along with clay 
mineral grains during post-depositional crystal growth. Cyclic gypsum precipitation and 
solution at fluctuating water tables and oscillating brine compositions has probably 
proceeded almost continuously since the basinal hydrologic system reached CaS04 
saturation some time in the Late Pleistocene. The presence of black sulphide-rich mud 
in near-surface lacustrine sediment in Lake Lewis and Lake Waudby is not uncommon 
(Plates 3.18 and 4.4). Sulphur has the capacity to effectively remove iron from minerals 
such as magnetite and hrematite. The conversion of iron bearing phases to sulphides is 
by means of bacterial reduction of sulphate under anoxic conditions, as described in 
Section 7.6. The physical and chemical disruption of ferromagnetic grains that co-occur 
with the sulphur-bearing phases may be considerable. Highly erratic NRM data, from 
both AF and thermally demagnetised sediments, are obtained from sulphide-bearing 
samples in the upper sections of the cores in the present study. The cumulative effect of 
repeated turbation of the lacustrine sediments through prolonged periods of gypsum 
crystallisation, sulphate reduction and sulphur-iron interaction is expected to result in 
aberrant magnetic orientations in these sediments. In view of the magnitude and 
protracted duration of these post-depositional effects, within and around the water table 
zone in particular, polarity information recorded in these altered sediments is taken to be 
unreliable. 
In the Causeway Bluff profile, possible physical disruption of the aeolian grains during 
cementation of the sediment warrants consideration. The sediments making up the 
upper four metres of the profile, including the sparse detrital magnetite-hrematite grains, 
are now well-cemented by CaC03 and secondary hrematite. The aeolian sediments were 
probably initially porous at the time of deposition and subsequent subaerial weathering 
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and cementation has been through the agency of percolating meteoric waters. 
Recrystallisation of the cement matrix is expected to have instigated at least minor 
physical disruption of the detrital grains. Post-depositional influences such as this may 
produce magnetic changes that are not due to chemical remagnetisation but to induced 
mechanical perturbation of magnetic particles relative to their original detrital 
disposition. Moreover, post-depositional cementation by hrematite in pore spaces may 
lock-in the geomagnetic field of the time of ferrolysis/cementation and this latter 
magnetisation may overshadow an intrinsic detrital magnetic signature. These processes 
can distort the palaeornagnetic record of polarity intervals and transitions archived in 
sediments and are borne in mind for the present investigation. 
8.2.3. Sampling 
The East Lewis and Lake Waudby continuous cores, 12 m and 15.8 m long, 
respectively, were recovered from drill holes at the edge of the playas. Azimuthal 
orientation was indeterminate during drilling so only 'up' directions were recorded for 
the core, it being assumed that drilling penetrated the sediment perpendicular to the 
horizontal playa surface. Core retrieval from 0.5 m long drilling barrels was achieved 
with little loss or disruption of the soft sediment and little compaction during drilling 
and extrusion of the cores from the barrels (e.g., Plates 3.1and8.2). The cores were 
split longitudinally and sampled at approximately 0.5 m intervals from freshly sliced 
faces, with additional samples taken later in some intervals for finer resolution 
magnetostratigraphic definition or to replace samples that had disintegrated during 
demagnetisation procedures. Samples were selected from well integrated textures and 
more friable portions of the core were excluded. Sections of the cores adjacent to 
junctions of each 0.5 m drilling barrel were also avoided. Samples were taken using 
small plastic cube boxes that were pressed into the moist sediment by hand; scalpel 
incisions aided collection of integrated blocks of sediment. The cubes were aligned with 
the core, taken to represent the vertical axis, and 'up' arrows were marked on the front 
faces of the cubes (z axis), and 'top' marked on the upper surfaces of the cubes. 
In the dry, indurated Causeway Bluff profile, the cliff face was first excavated using a 
crowbar and pick, then steps at 0.5 - 1.0 m intervals were carved down the cliff-face, 
into the underlying lacustrine sediment (Plate 8.1). For the most part, each step 
represents a distinctive lithological and/or pedogenic layer. The profile incorporates 
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some 4 m of calcareous aeolian deposits overlying a ~3 m high pedestal of Early 
Tilmouth beds lacustrine sediment that, together, form cliffs some 6-7 m above the 
nearby playa surface. The aeolian sediment comprises angular quartz and minor feldspar 
and other silicate mineral grains in a micritic CaC03 matrix. Intensive calcretisation of 
the aeolian material has occurred since its deposition to produce distinctive layers of 
massive, flaggy and nodular calcrete, as illustrated in Figure 3.13. The sediment is 
heterogeneously stained with hrematite pigment. The basal pedestal of Early Tilmouth 
beds is composed of pale olive-grey silt to clay material. Samples were extracted using 
a chisel and scalpel. Some of the calcrete layers were too indurated to enable sample 
extraction, particularly the thick massive calcrete carapace at the top of the cliff-line. 
Additionally, spherical nodular calcrete could not be contained in a fixed orientation in 
plastic cubes, and various other layers proved to be too friable to sample. Azimuthal 
declinations for the x-y plane were measured with a compass prior to removal of each 
cube from the vertical face of the excavated cliff Three adjacent oriented specimens 
were taken 30 cm apart at each layer down the profile with the x axis pointing into the 
outcrop, they axis being horizontal along the cliff-face, and the z axis being the vertical 
plane of each step, parallel with the vertical cliff-face. The aim was to collect a set of 
samples to represent the geomagnetic field direction for each layer or unit in the 
Causeway Bluff profile. 
A fundamental assumption for all the palaeomagnetic samples is that the sites have not 
been tilted by tectonic disturbance since deposition of the sediments. Although some 
neotectonic influence or seismic activity is interpreted for parts of the basin, including 
the southern part of Lake Lewis (Section 2.6), the effect of this reactivation of ancient 
basement faults cannot be ascertained with respect to palaeohorizontal of the sampled 
sites. Bedding planes in much of the lacustrine clay in the drill cores are cryptic because 
of the homogeneity of most of the clay-rich sediment and, in the Causeway Bluff 
profile, post-depositional pedogenic effects obscure much of the original sedimentary 
bedding of the deposits. However, where bedding is discernible, it is horizontal so it is 
assumed that the inclination of sampled sediments has remained essentially horizontal 
since their deposition. 
A total of 100 samples were analysed for the study. Analytical techniques, including 
definitions and units of measurement, are outlined in Appendix A3.2. 
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8.2.4. Natural Remanent Magnetism (NRM) 
Primary NRM of sediments settled in a lake or onto an aeolian deposit is regarded as 
detrital remanent magnetisation (DRM) where detrital ferromagnetic minerals in the 
sediment acquire the magnetism of the ambient geomagnetic field of the depositional 
environment. 
Additional to primary magnetisation attained during or soon after deposition, sediments 
often possess secondary magnetic signatures. Several components of magnetisation may 
be acquired to produce a composite magnetisation, natural remanent magnetisation 
(NRM), that may contrast with the geomagnetic field of the time of original deposition 
of the grains and, accordingly, influence the magnetic history recorded in the sediments 
(Butler, 1992). Thus, 
NRM =primary NRM + secondary NRM 
Post-depositional magnetisation processes are particularly prevalent in sediments where 
water content is high, such as a lake or where sediments have long been saturated with 
water (Butler, 1992), as at Lake Lewis. Post-depositional influences are also 
accentuated in fine-grained sediments, such as those typical of a lake depocentre, and in 
settings where the deposition rate is slow and/or where turbation may be an influence 
during deposition. The most likely chemical changes affecting the Lake Lewis samples 
are described above, in Section 8.2.2, with respect to ferromagnetic mineralogy. The 
corresponding influences with respect to secondary NRM are briefly outlined in this 
section. 
Chemical changes can induce chemical remanent magnetism (CRM) involving 
ferromagnetic minerals. This includes precipitation of new ferromagnetic minerals or 
alteration or removal of original detrital ones. In the case of major changes such as 
magnetite to hrematite, the acquired CRM records the magnetic field direction during 
the time of alteration at the expense of the magnetisation of the pre-existing 
ferromagnetic mineral. In other situations, the remanence of the original grains can 
control the resulting remanence of new grains. Therefore, CRM may parallel the 
original DRM, particularly if the alteration occurs soon after initial sedimentation, or, 
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alternatively, it may fingerprint subsequent - and potentially contrasting - magnetic 
orientations. 
Post-depositional oxidation and reduction reactions are important in Lake Lewis 
sediments. This is reflected by irregular olive-grey to red colour changes in the 
Anmatyerre Clay in the Lake Waudby core where mottling is conspicuous (Fig. 4.4) 
whereas the East Lewis core is uniformly red-brown (Fig. 3 .4; Plates 3 .1 and 8.2). The 
variations are possibly attributable to post-depositional processes involving conversion 
ofhrematite and (proto)hrematite to form goethite, with attendant red to green colour 
changes of the clay-rich sediment. Heterogeneous CRM influences are, therefore, to be 
anticipated for the Lake Waudby core in particular and the mottled 'gley' texture in this 
instance suggests that the NRM is unlikely to represent primary magnetisation. The 
Early Tilmouth beds lacustrine sediment exposed at the base of Causeway Bluff (Plate 
3.6) as well as in drill holes within the lacustrine plain, is generally pale olive-grey over 
extensive areas. In this case, chemically reduced iron-bearing phases are interpreted as 
primary and integral, reflecting limited free oxygen in lake bottom muds during 
deposition of the elastic sediments, as discussed in Section 7.6, rather than post-
depositional reduction. The contrast with the Anmatyerre Clay is considerable, the latter 
was apparently deposited under well-oxygenated conditions, in lakewaters where 
circulation was not impeded. 
In the lacustrine sediments, it is not known whether the original detrital sediment was 
hrematite-rich or whether hrematite is a post-depositional mineral. It is likely that 
detrital and authigenic hrematite are both present. If the hrematite was produced soon 
after deposition it can be regarded as possessing a primary magnetisation, and the 
original detrital magnetic field may then be represented in the NRM measurements. If 
the hrematite is a late diagenetic mineral, the CRM will exhibit the direction and 
inclination of post-depositional magnetic fields to which the lake sediments have been 
exposed. In the case of the Causeway Bluff sediments, the red hrematitic cutans on the 
quartz grains may have been present as coatings prior to aeolian transport of the quartz, 
acquired when the quartz was in older aeolian or fluvial deposits. Regardless, the 
Causeway Bluff sediments have been subject to intense in situ subaerial pedogenesis 
including post-depositional precipitation of secondary hrematite, so secondary CRM is 
almost definitely represented in the NRM measurements for these samples. 
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Viscous Remanent Magnetism (VRM) is a secondary remanent magnetisation that is 
gradually acquired during exposure to weak magnetic fields. VRM components are 
undesirable secondary components that obscure the intrinsic NRM. Acquisition of VRM 
may be unevenly distributed in a sample, depending upon grain size and the properties 
of constituent ferromagnetic minerals (Butler, 1992). Transport of the Lake Lewis cores 
on the drill-rig during extended field seasons and subsequent storage in the ambient 
magnetic field, rather than in a zero magnetic field, and use of steel tools during 
sampling procedures are expected to result in acquisition of VRM. Partial 
demagnetisation techniques, outlined below, readily destroyed VRM components in the 
Lake Lewis samples but produced aberrant NRM measurements and zigzag 
demagnetisation plots for the first demagnetisation step(s), before the components of 
palaeomagnetic interest were uncovered. 
NRM measurement procedures used in the Lake Lewis study are described in Appendix 
3.2.2. 
8.2.5. Demagnetisation 
Partial demagnetisation procedures remove secondary components ofNRM. Removal 
of easily erased low-stability components allows isolation of resistant high-stability 
components. The highest-stability component of 1\TRM isolated by partial 
demagnetisation is referred to as the characteristic remanent magnetism (ChRM) which 
is likely to represent the primary NRM although the timing of acquisition of the ChRM 
is difficult to verify. The complex ferromagnetic, ferrimagnetic and antiferromagnetic 
mineralogy of the Lake Lewis sites presents impediments to isolation of the ChRM. The 
fine grain size, the presence of metastable maghemite, admixtures of magnetite-
maghemite-hrematite, sulphides, impurities, authigenic chemical overprints, the 
influences of heterogeneous oxidation-reduction conditions in the post-depositional 
settings, and mechanical disturbance of the original sediments all serve to obscure the 
original detrital magnetisation of the sediments. 
Two demagnetisation techniques were used for the Lake Lewis study, alternating field 
(AF) and thermal demagnetisation (TH), in an attempt to progressively strip the 
complicated magnetic histories from the sediments in order to reveal the original 
magnetic character. Details of the two demagnetisation techniques and procedures used 
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for each suite of Lake Lewis samples are given in Appendix 3.2.3. Data analysis 
procedures are outlined in Appendix 3.2.4. 
8.2.6. Palaeomagnetic Results and Interpretation 
Data obtained from laboratory determinations and data analysis of measurements are 
presented in three tables in Appendix 3.2: Table A3. l. East Lewis; Table A3.2. Lake 
Waudby; and Table A3.3. Causeway Bluff. Sample numbers include abbreviated 
prefixes: East Lewis= EL, Lake Waudby = LW, Causeway Bluff= CB. 
Variations in magnetic susceptibilities (x) represent differences in the amount and types 
of magnetic material, diagenetic/authigenic phases and destruction of pre-existing 
magnetic minerals. Susceptibilities for Anmatyerre Clay are generally uniform in both 
the East Lewis and Lake Waudby cores, around 120-160 x 10-3 SI units per sample 
volume (Tables A3.l and 3.2). Slightly higher values in the East Lewis (EL) samples 
may relate to mafic metamorphic lithologies in the catchment and/or less diagenetic 
destruction of original detrital magnetic minerals compared to the Lake Waudby (L W) 
samples. Anomalously high x in near-surface sediments in Lake Waudby, 180 - 726 x 
l 0-3 SI units (Table A3.2) may relate to the presence of ferrimagnetic greigite (f e3S4) or 
pyrrhotite (FeS1.1) formed by diagenetic reduction in the lake. The metastable iron 
sulphides are common alteration products from reduction of sulphates in anoxic 
conditions, as described in Section 7.6 (see also Plate 4.4 where gypsum mush in the 
uppermost metre in Lake Waudby is altering to dark sulphide-rich mud). Greigite and 
pyrrhotite have stable magnetic remanences (Roberts and Turner, 1993). No clear 
patterns are observed in x for the Causeway Bluff (CB) samples; variability is high, in 
some cases even in different samples from the same unit. 
NRM magnetic intensity measurements for the EL drill core samples range from > 17 to 
1.05 mA/m (Table A3.1). The higher values are for samples from the near-surface, the 
uppermost 0.6 m of which are taken to be substantially younger than the underlying 
lacustrine clay. High values of 7-70 rnA/m are measured for the upper three metres in 
Lake Waudby (Table A3.2). Most of the Anmatyerre Clay column in both the East 
Lewis and Lake Waudby cores has magnetic intensity (M) values around <l - 2 rnA/m. 
An M value of around 1.0 rnA/m is typical for non-marine siltstone (Butler, 1992). In 
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the Causeway Bluff sample suite intensities tend to decrease down-profile, ranging from 
11 to <0.5 mA!m (Table A3.3). 
Typical demagnetisation curves for the East Lewis samples are presented in Figure 8.3, 
which represent the heterogeneous iron oxide mineralogy and complex magnetic history 
of the lacustrine sediment. These plots also illustrate complications caused by both high 
VRM and intense pedogenic overprints, and the limitations of AF and thermal 
demagnetisation techniques when dealing with unstable or high coercivity 
ferromagnetic phases. 
The orthogonal vector plots, or Zijderveld diagrams combine the direction and intensity 
information for each demagnetisation step (Fig. 8.3). Vectors are plotted onto two 
orthogonal planes in a single diagram for each sample, with the data decomposed into 
azimuthal north (N) and east (E), and the vertical (Down = Z) components. Thus, 
individual trends are plotted for azimuthal (declination) and inclination data: the 
azimuthal data is displayed in the horizontal plane (representing a birds eye view' of the 
N-S-E-W cardinal directions, as in a compass) and the inclination data is displayed in 
the vertical plane. The distance of each data point from the origin is proportional to the 
intensity of the NRM vector. The intersection of these axes on the orthogonal plots is 
termed the 'origin' and represents isolation of the ChRM. The magnetic inclination 
corresponding with this point is taken to be the original polarity of the sample. 
Additional to the orthogonal vector plots, corroborating information about the 
\ 
magnetism of each sample was obtained from intensity change histograms (not shown), 
and the trajectories of demagnetisation data points were analysed by multi-variate 
statistics; the latter procedures are described in Appendix 3.2.5. 
Figure 8.3(a) presents a smooth, steep demagnetisation curve for relatively recently 
deposited sediment, from 0.5 m depth beneath Lake Lewis playa surface. This sediment 
has most likely been deposited in the lake within the past few thousand years, during 
floods of the post-glacial period (see Sections 8.3 and 9.2) and probably also includes 
some contemporaneous aeolian grains. The magnetic history of this uppermost sediment 
from the drill core is uncomplicated - apart from an easily removed VRM component -
and the associated orientation data for this sample illustrate a straightforward Brunhes 
Normal Chron signature towards the origin, indicating that the ChRM has readily been 
isolated. AF demagnetisation effectively demagnetised the sample by 110 mT, as 
450 
Chapter 8. Quaternary Chronology 
shown, and no thermal treatment was applied to the sample. The inclination angle of the 
final data point near the origin (the ChRM) is -15.5°, representing normal polarity. 
Figure 8.3(b) presents demagnetisation trends for a sample from 9.1 min the East Lewis 
core which received no AF treatment and only a few thermal demagnetisation steps in 
order to identify the constituent ferromagnetic minerals. The trend shows 
demagnetisation of goethite in the broad 90-150°C Neel temperature (TN) range for 
impure goethite. Substantial demagnetisation occurred between thermal steps bracketing 
the 350°C Tc ofmaghemite. The ChRM was identified at 500°C; the inclination angle of 
this point is +42.9°, indicating reversed polarity. 
Figure 8.3( c) for sediment from 10.0 m depth reveals that the AF technique was fairly 
ineffective for demagnetising the material. Only 20% of the total magnetic moment 
(M/Mo) was demagnetised following 18 AF demagnetisation steps to AF 160 mT. The 
sample was subsequently efficiently demagnetised with thermal treatment. There is a 
slight decline around the TN for goethite (90-150°C) and a major decline between 300° 
and 500°C, bracketing the Tc for maghemite, the latter accounting for 50% of the initial 
magnetic moment (M/Mo) of the sample. An additional decline is seen for treatments 
bracketing the 580°C Tc for magnetite. Slight inflection above the 620°C may indicate 
either the presence of a residual intrinsic "hard" component of hrematite that was 
admixed with the maghemite, as a high-coercivity component that was isolated but not 
demagnetised, or inversion of the magnetite to hrematite through the heating process. 
The inclination angle of this final point near the origin is +30.2°, representing reversed 
polarity. 
Figure 8.3(d) is of sediment from 10.25 m depth in which maghemite and magnetite 
account for most of the M/Mo. Following elimination ofVRM, these two main phases 
were efficiently demagnetised with only a few thermal steps. A reversed ChRM is 
revealed at 620°C, with little evidence of any substantial "hard" component of hrematite 
remaining in the sediment. The inclination angle of this point close to the origin is 
+ 18.1°, representing reversed polarity. 
Figure 8.3(e), a sample from 10.80 m depth, shows a similar trend to (d), above, with an 
initial inflection suggesting dehydrogenation of goethite then a main subsequent trend 
indicating efficient demagnetisation of maghemite and magnetite, and a final reversed 
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Figure 8.3. Orthogonal vector plots (Zijderveld diagrams) for typical East Lewis samples (EL); 
sample numbers correspond to depth in cm in core. AF= Alternating field (mT); TH= Thermal 
(in °C) demagnetisation steps labelled and demagnetisation increments, in milli-ampere per 
metre (mAm) indicated. Inclination angles of end-points (ChRM) given in italics. Further 
explantion in text and Appendix 3.2. 
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ChRM disclosed at 620°C, with no residual magnetic component identified. The 
inclination angle of this point at the origin is +52.6°, representing reversed polarity. 
Figure 8.3(£) for sediment from 11.95 m, at the base of the East Lewis core, shows 
haphazard demagnetisation in numerous stepwise AF fields but with 50% of the initial 
M/Mo still remaining at AF160 mT, and little indication that the AF treatment was 
capable of exposing the ChRM. Subsequent thermal treatment effectively demagnetised 
goethite, maghemite and magnetite components sequentially, but with the trend failing 
to intersect or directly approach the origin. The latter shortfall represents 16% of the 
initial M/Mo and indicates the presence of an intractable residual component and 
incomplete disclosure of the ChRM. The inclination angle of this point, at 680°C, is 
very shallow, + 3.2°. Given that the ChRM appears not to be well-represented, this 
shallow inclination may be an artifact inherited from compression of the base of the 
core during drilling. Alternatively, because the preceding 22 NRM determinations gave 
inclination angles greater than +40°, the very shallow ChRM inclination angle at 11.95 
m depth may suggest a swing towards normal polarity. If this is the case, the possible 
presence of the Jaramillo subchron not far below the bottom of the core may be 
indicated, with more intense Matuyama overprints disclosed in the preceding 
demagnetisation steps where positive inclinations were recorded. 
The various demagnetisation trends for the Lake Lewis samples, excluding those for the 
uppermost, modern playa sediments, exemplify fairly complex, and sometimes unstable 
or intractable, ferromagnetic mineralogy of the lacustrine sediments. Implicit is the 
complicated magnetic history represented by the polymineralogic composition which is 
responsible for often highly irregular demagnetisation trends such as those exemplified 
in Figure 8.3. Occasionally the demagnetisation treatment itself may have induced 
aberrant magnetic information, such as production of new magnetite from reduction of 
hrematite at 450-650°C. The demagnetisation procedures do, however, indicate that both 
maghemite and hrematite are important primary high stability ferromagnetic and 
antiferromagnetic components in the lacustrine sediment although the genesis of these 
two important minerals cannot be fully constrained. 
For approximately half of the samples, the analysed palaeomagnetic inclinations, 
whether positive or negative, recorded sufficiently large ChRM inclination angles for 
coarse-scale polarity interpretations to be made, i.e., a success rate of at least one 
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sample per vertical metre for each site. Caution was exercised for interpretation of 
shallow angles of inclination because of the likelihood that they represent any of a 
number of possible post-depositional artifacts - including compression during drilling-
rather than registering magnetic field excursions. 
Vectors identified from treatment ranges in the demagnetisation sequences for 
individual samples are listed in Tables A3. l - A3.3. 'End point', or ChRM, magnetic 
inclinations of the East Lewis and Lake Waudby samples are plotted respectively in 
Figure 8.4 (a) and (b). Only the most reliable of these data are included in the plots. 
In the East Lewis core, negative inclinations (normal polarity) are recorded for the 
ChRMs of fully demagnetised samples from 0 to 8.00 m depth. Below this, positive 
inclinations (reversed polarity) are revealed. The Brunhes-Matuyama polarity reversal is 
placed at 8.00 m depth, Figure 8.4 (a). In the Lake Waudby core, normal polarity is 
recorded from 0 to 9 m depth. Below this, fluctuating inclinations occur from 9 to 12.5 
m depth and reversed polarity is registered from 12.5 to the bottom of the continuous 
core at 15 m depth, Figure 8.4 (b). The Brunhes-Matuyama boundary falls somewhere 
between 9 and 12.5 m but the polarity reversal cannot be constrained further with 
certainty from the Lake Waudby samples. It is possible, however, that the LW sample 
from below 9 m depth in Figure 8.4 (b), with a reversed polarity, represents the 
uppermost sample of the Matuyama interval and that the normal inclinations recorded 
below this are merely Brunhes overprints on the Matuyama signal that were not fully 
removed by the AF method. If this is the case, with the B/M boundary at 8-9 m depth in 
the EL and L W cores - from sites located 27 km apart - accords well. In both sample 
suites the mean inclination is approximately 40° (Fig. 8.4), consistent with the mean 
Geocentric Axial Dipole inclination of -40.22° for the 23°S latitude of Lake Lewis 
(Section 8.2.1 ). 
There is no reason to suggest that the uppermost intervals in the East Lewis and Lake 
Waudby cores that have normal NRM inclinations could represent a pre-Brunhes 
normal chron such as Gauss or Olduvai times (Pliocene or Early Pleistocene, Fig. 8.2). 
The latter alternative interpretation would require a major deflationary episode to 
account for removal of the overlying column of lacustrine sediment. Evidence for 
events such as this are not known in the area. Further, evidence from various Australian 
monsoon-fed lake basins and river systems indicates extensive lacustrine conditions 
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Figure 8.4. Plots of inclinations and polarity interpretations for: (a) East Lewis and (b) Lake 
Waudby cores, based on the most reliable samples from each sample suite. Excluded are 
samples for which characteristic components of magnetisation could not be resolved or which 
returned erratic demagnetisation data. The Brunhes-Matuyama polarity reversal is more clearly 
defined in the East Lewis core (a). Data from the Lake Waudby samples, which received only 
AF demagnetisation treatment, are less reliable than the East Lewis samples, which received 
AF and/or thermal demagnetisation treatments. Polarity interpretations are based on both the 
individual remanence inclinations of identified ChRM end-points for each sample and on 
vector analysis of series ofNRM data for given samples (Tables A3. l and 3.2). The present-day 
mean Geocentric Axial Dipole inclination for Lake Lewis area at 23°S is around -40.22°. 
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during the latter half of the Brunhes Chron, as outlined in Section 9.2, so the Brunhes 
assignation is regarded as by far the most likely for the uppermost several metres of 
Anmatyerre Clay in Lake Lewis basin. 
Data for the Causeway Bluff profile are erratic because of the friable nature of the 
sediments and the pervasive pedogenic hrematite overprints, described above, and also 
probably because of magnetic anisotrophy of sand-size ferromagnetic grains. Initial 
NRM measurements and final NRM measurements after demagnetisation treatments all 
show normal inclinations. Of a total of 429 determinations on the CB sample suite, over 
80% gave normal inclination results, the remaining irregular orientations are probably 
attributable to movement of the friable sediment in the cubes during tumbling in AF 
treatment. Likewise, vector analysis of those samples that revealed straight-line 
. 
segments in their demagnetisation trends (7 of the original 30 samples) all gave normal 
orientations (Table A3.3). The entire Causeway Bluff profile, including aeolian 
sediments and basal Early Tilmouth beds lacustrine sediment, is therefore regarded as a 
Brunhes-age landforrn, i.e., younger than 780 ka. 
Laboratory analysis of the Lake Lewis sediments, involving 1,420 determinations on 
100 samples (Appendix 3.2.3), showed that it was essential to use high AF fields(> 110 
mT) and high temperatures (to 680°C) to disclose the characteristic remanent 
magnetism or primary NRM. Thermal procedures, in particular, were necessary because 
of the prevalence of goethite, maghemite and hrernatite as major ferromagnetic 
minerals. This contrasts with some previous palaeomagnetic investigations in Australian 
lakes. Some workers have utilised only AF treatment and low fields, e.g., Singh et al. 
( 1981 ), in the Lake George core, used peak fields of only 200 Oe (20 mT) to remove 
secondary components of magnetisation, and no thermal treatment. Similarly, Chivas et 
al. (1986), in the Lake Buchanan core, used only a few AF demagnetisation steps, to 
300 Oe (30 mT), and no thermal treatment to designate end-points. 
8.2.7. Brunhes-Matuyama boundary and Deposition rate 
The Brunhes-Matuyama (B/M) polarity reversal at 8 m depth in the East Lewis core is 
regarded as reliable whereas the B/M in the Lake Waudby core is less clearly defined. 
The B/M polarity reversal in the Anmatyerre Clay column in the East Lewis drill core is 
illustrated diagrammatically in Figure 8.5. Uniform Anrnatyerre Clay deposited during 
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Plate 8.2. Uniform Matuyama 
interval of Anmatyerre Clay in the 
East Lewis core, 8.20-12.00 m 
depth; EOH =End of Hole. The 
Brunhes-Matuyama (B/M) 
boundary is located at 
approximately 8.00 m depth. 
Overlying Brunhes sediments at 
the East Lewis site are represented 
in Plates 3.1 and 3.13. The full 
core length is logged in Figure 3.4, 
with homogeneous Anmatyerre 
Clay occurring from 0.85 to 12.00 
m depth and no evident 
depositional hiatuses. GR 
NAPPERBY 246463. 
Figure 8.5. East Lewis generalised 
stratigraphy, below, with the B/M 
polarity reversal represented. A 
total thickness of approximately 
13 m of uniform Anmatyerre Clay 
is represented from the top of its 
exposure in Cliff Island pedestal to 
the bottom of the East Lewis core; 
9 m of this clay was deposited 
after the B/M polarity reversal. 
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the Matuyama Chron is illustrated in Plate 8.2. An additional nine metres of identically 
homogeneous Anmatyerre Clay are present up-core and in contiguous exposures in 
island pedestals, representing the Brunhes Chron (Fig. 8.5). Similarly, in Lake Waudby 
at least nine meters of Anmatyerre Clay overlies the B/M reversal. Thus, some nine 
metres of continuous lacustrine clay accumulated in Lake Lewis after 780 ka. This is a 
minimum given that a possible additional sediment thickness may have been deflated 
from the Anmatyerre lakebed and upper parts of the column. 
If it is assumed that deposition of the Anmatyerre Clay ceased during the severe glacial 
conditions of Marine Isotope Stage 10 (discussed in Section 9.2), i.e., by approximately 
350 ka ago, then the upper nine metres of clay were deposited over a period of 
approximately 430 ka. This is equivalent to around 0.5 m of deposition every 67 ka, or 2 
cm/ka. If, on the other hand, deposition of the Anmatyerre Clay ceased later, for 
example during Stage 8 glacial, then a slightly higher rate of deposition is represented. 
The B/M polarity reversal at 8 m depth beneath the Lake Lewis playa surface contrasts 
greatly with the B/M reversal identified by Chen and Barton (1991) at 1-2 min surface 
playa sediments at Lake Amadeus. This is discussed further in Section 9.2, along with 
comparisons between Lake Lewis and palaeomagnetic records from other Australian 
lakes. 
8.3. OPTICAL DATING 
8.3.1. Introduction 
Lacustrine, fluvial and aeolian sediments in Lake Lewis basin were optically dated 
using Optically Stimulated Luminescence (OSL), with the aim of constraining the Late 
Quaternary chronology of key deposits. Twelve OSL samples were collected from sites 
described below. The underlying principles of optical dating, sample collection and 
preparation procedures, OSL palaeodose measurement and dose-rate determination 
adopted for the Lake Lewis study are outlined in Appendix 3.3. 
Previous Quaternary chronological work at Lake Lewis by Chen et al. (1995) provided 
thermo luminescent (TL) age measurements of aeolian units in and around the eastern 
part of the playa. A saturated TL age of>70-80 ka for the lowermost gypsum sand unit 
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overlying the Latest Tilmouth beds lacustrine sediment in the playa islands (Chen et al., 
1995) provides only an upper limit for the age of the Latest Tilmouth beds. The 
importance of the Tilmouth beds generally, and the Latest Tilmouth beds in particular, 
is underscored because these sediments represent a turning point in the evolution of the 
lake, when saline groundwater began to intensely influence the sedimentation style at 
the depocentre following the long period of continuous elastic lacustrine sedimentation 
of the A.nrnatyerre Clay in perennial standing water conditions. Thus, a high priority of 
the OSL work in the present study was to try to constrain the age of this pivotal stage in 
the evolution of the lake. 
Secondly, fluvial deposits were sampled for OSL analysis from the three main drainage 
channels that feed Lake Lewis: Derwent, Dashwood and Napperby creeks. Fluvial 
sediment rather than lacustrine sediment was favoured for OSL dating because of the 
abundance of optimal-sized quartz grains (90-120µ m ). By obtaining ages for periods 
of major fluvial activity in the creeks, the timing of episodes of inundation at the lake 
can be inferred, and an indication of the timing of major groundwater recharge events is 
also provided. 
Thirdly, the core of a sand dune in the centre of a regional linear dunefield was sampled 
to establish the age of well-established dunes in the area and to gain an indication of the 
timing of dune-building conditions in the basin. 
8.3.2. OSL Sample sites 
Localities of the 12 OSL sample sites are shown in Figure 8.6. The samples are 
described according to their depositional environments: lacustrine, lake-shore, fluvial 
and aeolian. Sediment descriptions are provided in Table 8.1. 
Lacustrine 
The olive-grey, gypseous Latest Tilmouth lake beds are well-exposed in pedestals at the 
base of playa islands (OSL samples 97001 and 97002, Cliff Island and Dingo Island, 
respectively). The Early Tilmouth beds are well-exposed at the base of Causeway Bluff, 
at the eastern edge of the playa (OSL sample 96120). The geomorphology of the area 
encompassing these sites is illustrated in Figure 3.3. The sites are located near the centre 
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of the 'Tilmouth palaeolake' (Section 5.3). In the island pedestals, the Latest Tilmouth 
beds are approximately 0.85 m thick and are bounded sharply between the underlying 
Anmatyerre Clay and overlying aeolian gypsum sand. The stratigraphy is illustrated in 
Figures 3.17 and 3.21, and Plates 3.2 and 3.9. At Causeway Bluff, the EarlyTilmouth 
beds form the basal 2-4 m of the bluffs themselves and are overlain by up to 5 m of 
indurated calcareous aeolian deposits, illustrated in Figure 3.13 and Plate 3.6. The bluffs 
have been eroded into an series of arroyos (Plate 3.5) and are bordered, lakeward, by an 
approximately 1 m high terrace, described below. 
Lake-shore terrace 
At Causeway Bluff an OSL sample was taken from a gully in the playa-fringing terrace 
(OSL sample 95012). The geomorphology of the area is illustrated in Figure 3.5(a) and 
Plate 3.5. The sample is of unconsolidated, homogeneous pale brown, highly calcareous 
silt. The lake-shore terrace, which abuts the base of the bluffs, is up to 20 m wide and is 
the product of cliff retreat of the bluffs; field relations indicate that the terrace formed 
from sediments eroded from the bluffs during an interval or series of intervals of surface 
water in the lake. The terrace itself has been levelled by subsequent inundations of 1-2 
m deep lakewaters, and gullied by runoff from the cliffs and rilled by receding 
lakewaters. 
Pluvial 
Four OSL samples were collected from a bank exposure in the middle reach of Derwent 
Creek (samples 95016A-D; Fig. 4.20); the geomorphology of the area is depicted in 
Figure 4.13 and local stratigraphic relationships represented in Plate 4.14. The deposits 
are unweathered to mildly weathered, brown sand, silt, clay and gravel, over a gravel-
rich basal unit. The sediment composition is heterogeneous, with igneous, metamorphic 
and sedimentary sources well represented, reflecting the complex geology of the upper 
Derwent catchment. Graded bedding, some internal cross-bedding and laminations 
occur, and minor calcium carbonate glaebules are present. Some units have scoured 
surfaces. Unit thicknesses vary: 95016A is from a unit at the top of the profile which is 
approximately 0.7 m thick; 95016B and Care from a group of units that vary from 1.5 
to 2 m thick, with the samples taken respectively from near the top and the base of this 
middle sequence; 95016D is from the bottom unit which is >1 m thick and contains 
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coarse, rounded igneous and metamorphic clasts, and is partially indurated compared to 
the overlying units. Units A-Dare interpreted as flood deposits which contrast greatly -
as Plate 4.14 illustrates - with the underlying deep red alluvial fan sediment of sparse, 
coarse, ferruginised, matrix-supported sandy gravel that is indurated and also contains 
abundant calcium carbonate nodules (2-4 cm in diameter). 
Two flood deposit samples were taken from the bank of the middle reach ofDashwood 
Creek (OSL samples 95016A and B, Fig. 4.20); the geomorphology of the area is 
depicted in Figure 4.16. Sample A is from 0.5 m below the top of the bank, and B, at 1.6 
m depth in the profile, close to the creekbed (Plate 4.15). The flood alluvium here is 
well-bedded, unweathered sand and red clay. The units, particularly the uppermost 
sample, include a large proportion of red sand that is clearly sourced from a truncated 
regional dune located some 100 m upstream, described below. 
One OSL sample was taken 1.5 m below the bank-top of a major distributary channel of 
Napperby Delta (OSL sample 95017B, Fig. 4.20); the geomorphology of the area is 
illustrated in Figure 4.1. The alluvium is unweathered, reddish-brown micaceous ctayey 
silt. At least three main units are identifiable in the overlying layers in the bank. 
Aeolian 
The core of a dune cut by Dash wood Creek, 100 m upstream from the Dashwood bank 
alluvial samples, described above, was sampled for OSL dating (OSL sample 95019, 
Fig. 4.20); the geomorphology of the area is depicted in Figure 4.16. The dune core is 
well exposed and was sampled 0.6 m above the creekbed (Plate 4.16). The exposure 
provides a window into early stages of formation of this dune, located in the centre of 
the basin. The dune sediment is structureless, intensely reddened throughout (1 OR4/8), 
and contains no carbonate glaebules. The sand grains are immature, sub-angular and, 
although dominated by quartz, are heterogeneous in mineralogy (Plate 4.17; Table 8.1 ). 
8.3.3. OSL Data evaluation 
Measurements were done under the guidance ofN.A. Spooner of the Luminescence 
Dating Laboratory, Research School of Earth Sciences, The Australian National 
University, using Elsec equipment described in Appendix 3.3. Analytical data for the 12 
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Table 8.1. OSL sample descriptions 
LA CU STRINE 
LDL No. 13, Field No. 97001, Cliff Is., Latest Tilmouth beds from island pedestal 
LDL No. 14, Field !'lo. 97002, Dingo Is. Latest Tilmouth beds from island pedestal 
LDL No. 11, Field No. 95120, Early Tilmouth beds from Causeway Bluff pedestal 
70% Clay: The lacustrine sediment, identical for both samples, is made up of a very fine clay 
matrix, sub-micron grain size, not resolvable by optical microscopy. XRD analysis of the clay 
gives the following assemblage: quartz, kaolinite, K-feldspar (orthoclase, microcline), 
muscovite, and smectite. Iron-oxide staining: hrematite-goethite. 
25% Gypsum crystals: Euhedral discoidal, <1 mm long. Clear and pristine gypsum, including 
interpenetrative twins. Post-depositional displacive, intrasedimentary gypsum. 
-5% CaC03 (aquatic microfossils). 
<5% Quartz: <5 mm diam., subrounded-subangular. 
Efflorescent halite (post-depositional). 
The quartz used for OSL analysis is interpreted as originally aeolian, probably derived from 
nearby lake beaches, and subsequently deposited locally on an exposed lakebed or into 
lakewaters and incorporated syndepositionally into elastic clays. 
LAKE-SHORE TERRACE 
LDL No. 10, Field No. 95012, Causeway Bluff gully infill in lake shore terrace 
Fine grained, pale brown subangular quartz, microcline, plagioclase and minor iron oxide in a 
clayey, micritic CaC03 matrix (overall sample very strongly reactive to HCl). Sediment poorly 
consolidated. 
The sediment is alluvium derived proximally from the nearby Causeway Bluff cliffs, reworked 
into a pl a ya-fringing terrace at the base of the cliff-line. 
FLUVIAL 
LDL No. 1, Field No. 95016A, Denvent Ck. fluvial deposit (uppermost unit) 
LDL No. 2, Field No. 95016B, Derwent Ck. fluvial deposit (second unit in profile) 
75% Quartz: subangular, and some very angular grains, including polycrystalline grains 
(chalcedonic or quartzitic source areas, both present upstream). Many quartz grains have thin 
haematitic rims. 
25% Abundant microcline and other feldspars. Plagioclase, augite, zircons, magnetite, and 
hrematitic pseudomorphs after ?garnet, pyroxene, amphiboles ± biotite? 
LDL No. 3, Field No. 95016C, Derwent Ck. fluvial deposit (third unit in profile) 
LDL No. 4, Field No. 95016D, Derwent Ck. fluvial deposit (bottom of profile) 
As above, but larger quartz grains present, to 3 mm diam., subangular-subrounded. Limited 
hrematitic rims. Abundant feldspar, especially microcline. Occasional crystalline aggregates of 
quartz + feldspar that are lithofragments from granitic or felsic granulite source areas. 
Substantial mafic mineral component: biotite, augite and haematitic pseudomorphs after 
amphibole (or pyroxene?) sourced from mafic amphibolites up stream. 
The presence of angular detrital grains and abundant, relatively fresh mafic minerals in the 
Derwent Creek sediments indicates limited transport from crystalline source areas in the West 
Macdonnell Ranges and limited weathering. 
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Table 8.1. OSL sample descriptions (contd.) 
FLUVIAL (contd.) 
LDL No. 6, Field No. 95017B, Napperby Ck. fluvial deposit 
Silty, rnicaceous frne-grained sand. 
60% Quartz: subrounded to subangular, some grains prismatic/euhedral. Thin hrematitc rims present. 
40% Anorthoclase, plagioclase, rnicroperthite, K-feldspar, including rnicrocline. Muscovite, biotite, 
augite, hornblende. 
The presence of the latter minerals and their relative abundance indicates fresh sediment that has not 
been in the landscape long since it was shed from the igneous bedrock source, Proterozoic granite of the 
Arunta Block, possible provenance from Stuart Bluff Range. 
LDL No. 7, Field No. 95018A, Dashwood Ck. fluvial deposit (upper unit in profile) 
LDL No. 8, Field No. 95018B, Dashwood Ck. fluvial deposit (bottom of profile) 
80% Quartz: subrounded - subangular, fine to medium sand. All grains with pronounced hrernatitic rims. 
Some polycrystalline quartzite or chalcedonic fragments. 
15% K-feldspar, particularly rnicrocline. 
5% Hornblende, muscovite, biotite, garnet, iron oxides, relatively abundant zircon. 
AEOLIAN 
LDL No. 9, Field No. 95019, Dashwood dune 
>90% Quartz, medium grain-size. Poorly sorted and subangular, indicating a limited history/distance of 
transport from proximal source areas (nearby Pleistocene alluvial fans and bedrock outcrops). All grains 
have thin, deep red-coloured hrematitic cutans. 10% Feldspar, plagioclase, garnet, magnetite, amphibole, 
biotite, zircon ± tourmaline. 
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Lake Lewis basin samples are given in chronological order in Table 8.2, along with the 
ages, dose-rates and dose-rate components. The following information is from N.A. 
Spooner (pers. comm., 2000, and is documented by English et al., in press). 
The samples generally possess relatively high radioisotope concentrations in the bulk 
sediment, and consequently the cosmic ray dose-rate (calculated from Prescott and 
Hutton, 1994) and internal alpha-particle irradiation from radioisotopes contained 
within micro-inclusions contribute only minor components of the total dose-rate. 
The U and Th in the etched quartz were assumed to contribute 10% of the total U and 
Th for all samples except 95016C and 95016D, where U content was low, and an 
internal proportion of20% of bulk sediment U was assumed, in line with previous 
results from etched quartz. The efficiency with which alpha-particle irradiation induced 
OSL was assumed to be a= 0.05 ± 0.02, based on previously-found a-values for OSL 
and IR.SL from quartz-dominated sediments by Questiaux (1990). 
Significant uranium-series disequilibria were observed in the high-resolution gamma 
spectrometric data for the three samples of the Tilmouth beds from Lake Lewis, 
Samples 96120 (Early Tilmouth beds), and 97001 and 97002 (Latest Tilmouth beds). 
Disequilibrium is attributed to their location within or close to the capillary fringe of 
discharging uraniwn-rich groundwater (see Section 3.7 where uraniwn-series 
disequilibrium at the playa is discussed in light of airborne gamma-ray imagery and the 
likely presence of insoluble radium sulphate). Th and K for these three Lake Lewis 
samples determined from field gamma-ray scintillometry and measured by NAA/DNA 
are in agreement, hence weighted means were used for the remaining samples; for U, 
the measured concentrations and the concentration calculated from high-resolution 
gamma spectrometry were combined for use in the age calculations (Table 8.2). 
Representative growth curves constructed using the Australian slide method of Prescott 
et al. ( 1993) are shown in Figure 8. 7 a-d. The scatter, as measured by the standard 
deviation on selected dose points, is distinctly greater for samples 95016C (Fig. 8.7a) 
and 95016D (Fig. 8.7b) from the Derwent Creek fluvial deposits than that seen for 
sample 95018A (Fig. 8.7c), from the Dashwood Creek fluvial deposit, which, in tum, 
exhibits more scatter than the Dashwood sand dune (sample 95019; Fig. 8.7d). 
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Figure 8.7. OSL growth curves for: (a) and (b) Denvent Creek lowermost flood deposits in 
which the scatter reflects the heterogeneous provenance of quartz grains, typical of the Denvent 
catchment; (c) Dashwood Creek flood deposit; and (d) Dashwood dune. The dune deposit 
exhibits limited scatter because of its relatively homogeneous quartz composition ( d), whereas 
(c) reflects a mixture of quartz from the upstream dune and other sources. The 'Australian slide 
method' is applied to the multiple-grain, multiple-aliquot additive and regenerative OSL growth 
curve data (effectively zero luminescence to saturation) which are fitted by the exponential plus 
linear algorithm of Prescott et al. (1993). 
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If partially-bleached grains are present in a sampled sediment the equivalent dose will 
be overestimated (Murray et al., 1995). The contingency of incomplete or partial 
bleaching can be ruled out for the Lake Lewis basin samples on two counts: firstly by 
the pattern of increasing proportional "scatter" of individual aliquots around the mid-
point (using "natural normalisation") with increasing added dose, whereas the opposite 
occurs if the natural samples contained a mixture of variously bleached grains. 
Secondly, the regenerative-dose growth curves show increasing scatter with dose in a 
manner paralleling that of the additive-dose growth curves. This would not be the case 
if either partial bleaching or heterogeneous dosimetry were significant here, as in both 
these situations the natural samples would exhibit greater variability of luminescence 
intensity than the bleached and regenerated sample (N.A. Spooner, pers. comm., 2000). 
The scatter on the growth curves for samples 950 l 6C and D (Fig. 8. 7 a and b) therefore 
do not relate to incomplete bleaching but are instead consistent with a heterogenous mix 
of quartz from different sources - igneous, metamorphic and sedimentary that typify the 
Derwent Creek alluvium which tend to have different dose-saturation levels. The scatter 
is exacerbated by the unavoidable use of larger grains, hence fewer grains per sample 
disc. The four growth curves illustrated in Figure 8.7 represent the range of behaviour 
for the OSL samples overall. 
8.3.4. OSL ages 
OSL sample ages are presented in Figures 8.6. and 8.8, as well as Table 8.2. The Early 
Tilmouth beds from the base of Causeway Bluff (sample 96120) gave an OSL age of 
>59 ka. The Latest Tilmouth beds gave the following ages: Cliff Island (97001) >38 ka, 
and Dingo Island (97002) >54 ka. These low minimum ages, for both the Early and 
Latest Tilmouth beds, are the consequence of unusually high environmental dose-rates 
leading to relatively rapid OSL saturation of these sediments. As finite ages could not 
be obtained, these results do not improve on the TL dating of Chen et al. (1995) in 
constraining the time when the lake switched from perennial to fluctuating conditions. 
The Causeway lake-shore terrace sample (95012) gave an age of 4.98 ± 0.20 ka. This 
represents one or more 1-2 m deep inundation(s) of the lake in the Mid-Holocene. 
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Sample number. 950178 95012 95016A 95018A 
Location Napperby Ck C'way Terrace Derwent Ck DashwoodCk 
Laboratory number ANUOD180f ANUOD180a ANUOD180b ANUOD180h 
Latitude (deg min sec) 22 49 20 22 58 20 23 18 00 23 14 15 
Longitude (deg min sec) 132 34 45 132 32 30 132 06 30 132 25 00 
Altitude (m) 560 552 625 590 
Burial depth (m) l.8 0.3 0.5 1.3 
Quartz grain diameter (µm) 107.5 ±17.5 107.5 ±17.5 107.5 ±17.5 107.5 ±17.5 
Palaeodose (Gy) 14.5 ±0.4 20.2 ±0.6 28 ±0.5 38.6 ±1.3 
In-situ water content(%) l.4 ±OJ 5.7 ±1 1J ±0.3 1.5 :::o.3 
Saturation water content(%) 28 ±5 28 ±5 39 ±5 20 ±4 
In-situ fraction of saturation 0.050 ±0.014 0.204 ±0.051 0.033 ±0.009 0.075 :0.021 
NAAIDNA 
U (ppm) 6.4 ±0.26 4. 18 ±0.19 2.28 :::Q.14 268 ±O.I5 
Th (ppm) 29.6 ±0.59 13.8 ±0.27 12.9 ±0.26 16.6 ±0.33 
K (%) 2.43 ±0.12 1.68 ±0.l 1.6 ±0.l 2.41 ±0.12 
High-resolution gamma spectrometry (Activity Bq/ kg) 
U-238 80 971 ±3.331 51.408 :!:l.889 25.84 ±1.213 35.593 ±4.155 
Ra-226 70.719 ±0.795 48.63 ±0.515 29.885 ±0.316 30.043 ±0.42 
Pb-210 63.73 ±3.738 38.996 ±2.11 23.778 ± 1.365 30039 ±2.65 
Th-228 124.795 ±1.801 62.134 ±0.913 56.631 ±0781 72.948 ±1.l 
Ra-228 124.22 ±1.879 61.803 ±0.963 56.236 ±0.789 73.249 ±1.215 
Th-232 124.52 =1.3 61.977 :!:0.663 56.436 ±0.555 73.084 ±0.815 
K-40 855.287 ± 15.099 606.437 ±10.249 570.103 ±9.179 836.892 ±14.357 
High-resolution gamma spectrometry (concentration) 
U (ppm) 5.7230 ±0.0643 3.9354 ±0.0417 2.4 185 ±0.0256 2.4313 ±0.0340 
Th (ppm) 30.5788 ±0.3192 15.2199 ±0.1628 13.8592 ±0.1363 17.9475 ±0.2001 
K (%) 2.7063 ±0.0478 1.9189 ±0.0324 1.8039 ±0.0290 2.6481 ±0.0454 
1'aI in-situ scintillometry 
U (ppm) NA NA NA NA 
Th (ppm) NA NA NA NA 
K(%) NA NA NA NA 
Weighted means of isotope concentrations 
U (ppm) 5.762 ±0.0624 3.9466 ±0.0407 2.414 ±0.025 2.4435 ±0.0332 
Th (ppm) 30.357 ±0.281 14.841 ±0.139 13 652 ±0.121 17.585 ±0.1711 
K(%) 2.6685 ±0.0444 1.8962 ±0.0308 1.7881 ±0.0279 2.6183 ±0.0425 
Cosmic ray dose-rate (Gy/ka) 0.184 ±0.0276 0.2237 ±0.0335 0.2208 ±0.0331 0.1974 ±0.0296 
Internal alpha dose-rate (Gy/ka) 0.174 ±0.071 0.1 ±0.041 0.076 ±0.031 009 ±0.037 
Internal beta dose-rate (Gy/ka) 0.034 ±0.004 0.021 ±0.007 0.017 ±0.002 0022 ±0.003 
External alpha dose-rate (Gy/ka) 0.163 :::0.083 0.086 ::Q.044 0.072 ±0.036 0.086 ±0.043 
External beta dose-rate (Gy/ka) 3.348 :0.05 2.103 :!:0039 1.917 ±0.029 2.61 ±0.041 
External gamma + 2.897 :::0.034 1.744 ±0.039 1.563 ±0.035 1.924 ±0.033 
cosmic ray dose-rate (Gylka) 
Total dose-rate (Gy/ka) 6.617 ±0.167 4.053 ±0.106 3.646 ±0.083 4.732 ±0.l 
Age (ka) 2.19 ±0.08 4.98 ±0.20 7.7 ±0.2 8.16 ±0.32 
Table 8.2. OSL data, radionuclide analyses, dose-rates and ages. Samples listed in 
chronological order, youngest to oldest (continued over). Concentrations ofU, Th and K 
were calculated from the measured activities using conversion factors of 1 ppm U = 
12.357 Bq/kg 226Ra, 1 ppm Th= 4.0721 Bq/kg 232Th and 1 % K = 316.04 Bq/kg 4°K. 
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Sample number. 95018B 95016B 95016C 95016D 
Location Dashwood Creek Derwent Creek Derwent Creek Derwent Creek 
Laboratory number ANUo0 180g ANUool80c ANUool80d ANUool80e 
Latitude (deg min sec) 23 14 15 23 18 00 23 18 00 23 18 00 
Longitude (deg min sec) 1322500 132 06 30 132 06 30 132 06 30 
Altitude (rn) 590 625 625 625 
Burial de2th (ml I 1.5 2.5 3.5 
Quartz grain diameter (µm) 107.5 ±17.5 107.5 ±17.5 196 ±16 196 ±16 
Palaeodosc (Gy) 63.8 ±2.3 48.4 ±1.5 51.5 ±2.I 49.6 0:2.1 
In-situ water content(%) 0.2 ±0. 1 0.2 ±0.1 0.2 ±0.1 0.6 ±0.2 
Saturation water content(%) 24 =5 25 ±5 22 ±4 20 ±4 
Jn-situ fraction of saturation 0.008 ±0.005 0.008 ±0.004 0.009 ±0.005 0.030 ±0.012 
NAA/DNA 
U (ppm) 3.56 ±0.16 1.79 ±0.18 0.74 ±0.I I ±0.12 
Th (ppm) 25.8 ±0.52 11 ±0.22 3.63 ±0.09 3.97 ±0.09 
K(%) 2.4 ±0.12 1.59 ±0.l 2.06 ±0.11 1.99 ±0.11 
High-resolution gamma spectrometry (Activity Bq/kg) 
U-238 45.362 ± 1.775 24.186 ±2.222 9.854 ±1.73 8.655 ±2.077 
Ra-226 39.982 ±0.429 21.927 ±0.378 9.779 ±0.259 10.827 ±0.275 
Pb-210 37.396 ±1.989 20.69 ±2.657 7.142 ±2.206 9.79 ±2.27 
Th-228 106.298 ±1.4 47.693 ±0.801 16.845 ±0.38 17.384 ±0.386 
Ra-228 I 06.046 ±1.404 48.355 ±1 16.585 ±0.642 17.161 ±0.662 
Th-232 106.17 ±0.992 47.952 ±0.625 16.778 ±0.327 17.327 ±0.333 
K-40 849.214 ±13.627 551.656 ±I 0.528 713.08 ±1 2.866 644.399 :!: 11.928 
High-resolution gamma spectrometry (concentration) 
U (ppm) 3.2356 ±0.0347 1.7745 ±0.0306 0.7914 ±0.0210 0.8762 ±0.0223 
Th (ppm) 26.0725 ±0.2436 11.7757 ±0.1535 4.1202 ±0.0803 4.2551 ±0.0818 
K(%) 2.6870 ±0.0431 1.7455 ±0.0333 2.2563 ±0.0407 2.0390 ±0.0377 
Nal in-situ scintillometry 
U (ppm) NA ±NA NA ±NA NA ±NA NA ±NA 
Th (ppm) NA ±NA NA ±NA NA ±NA NA ±NA 
K (%) NA ±NA NA ±NA NA ±NA NA ±NA 
Weighted means of isotope cencentrations 
U (ppm) 3.2502 ±0.0339 1.7749 ±0.0302 0.7892 ±0.0206 0.8803 ±0.0219 
Th (ppm) 26.023 ±0.2206 11.522 ±0.126 3.9029 ±0.06 4.1261 ±0.0605 
K(%) 2.654 ±0.0406 1.73 ±0.0316 2.2327 ±0.0382 2.0338 ±0.0357 
Cosmic ray dose-rate (Gy/ka) 0.2053 ±0.0308 0. 1936 ±0.029 0. l 704 ±0.0256 0 .1506 ±0.0226 
Internal alpha dose-rate (Gy/ka) 0.128 ±0.052 0.061 ±0.025 0.034 ±0.014 0.038 ±O.oJ5 
Internal beta dose-rate (Gy/ka) 0.028 ±0.003 0015 ±0.002 0.019 ±0.002 0.019 ±0.002 
External alpha dose-rate (Gy/ka) 0.125 ±0.063 0.059 ±0.03 0.013 ±0.006 0 .014 ::0.007 
External beta dose-rate (Gy/ka) 2.969 ±0.043 1.771 ±0.029 1.789 ±0.03 1.653 ±0.029 
External gamma + 2.461 ±0.034 1.365 ±0.03 1 0 988 ±0.027 0.937 ±0.025 
cosmic ray dose-rate (Gy/ka) 
Total dose-rate (Gy/ka) 5.712 ±0.13 3.271 ±0.072 2.843 ±0.051 2.66 ±0049 
Age (ka) 11.2 ±0.5 14.8 ±0.6 18.l ±0.8 18.6 ±0.9 
Table 8.2. (contd.). OSL data, radionuclide analyses, dose-rates and ages. Samples 
listed in chronological order (continued over). 
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Sample number. 97001 97002 96120 95019 
Location Cliff Island Dingo Island Causeway Bluff Dashwood dune 
Laboratory number ANUool80k ANUoo1801 ANUool80j ANUo0 180i 
Latitude (deg min sec) 22 55 20 22 55 20 22 58 20 23 14 15 
Longitude (deg min sec) 132 31 30 132 31 30 132 32 30 132 25 00 
Altitude (m) 550 550 550 590 
Burial depth (m) 3 7.5 0.5 2.5 
Quartz grain diameter (µrn) 107.5 ± 17.5 107.5 ±17.5 107.5 ±17.5 107.5 ±17.5 
Palaeodosc (Gy) > 178 > 220 > 279 > 421 
In-situ water content(%) IO ±5 10 ±5 10 ±5 0.7 ±0.2 
Saturation water content (%) 20 ±5 20 ±5 20 ±5 22 ±4 
In-situ fraction of saturation 0.500 ±0.280 0.500 ±0.280 0.500 ±0.280 0.032 ±0.011 
NAAIDNA 
U (ppm) 11.7 ±0.39 9.63 ±0.34 6.99 ±0.28 1.74 ±0.18 
Th (ppm) 9.72 ±0.19 9.65 ±0.19 ! I. I ±0.22 12.5 ±0.25 
K(%) 1.46 ±0.09 1.72 ±0.I 2.34 ±0.12 262 ±0.13 
High-resolution gamma spectrometry (Activity Bq/kg) 
U-238 148.932 ±3.665 116.19 :::3.145 93.774 ±2.93 20.7 ±2.191 
R.a-226 115.609 ± 1.17 84.641 ±0.893 43.787 ±0.566 21.089 ±0.363 
Pb-210 75.186 ±3.639 56.463 ±3.195 27.777 ±3.121 14.493 ±2.657 
Th-228 43.631 ±0.785 40.66 ±0.726 52.922 ±0.889 53.084 ±0.864 
Ra-228 43.864 ±1.05 1 40.342 ±0.96 52.671 ±1.108 53.193 ±1.043 
Th-232 43.714 ±0.629 40.544 ±0.579 52.824 ±0.693 53.128 ±0.665 
K-40 592.673 ± 11.262 561.755 ± 10.643 907.18 ±15.293 921.377 ±15.891 
High-resolution gamma spectrometry (concentration) 
U (ppm) 9.3557 ±0.0947 6.8496 ±0.0723 3 .5435 ±0.0458 1.7066 ±0.0294 
Th (ppm) 10.7350 ±0.1545 9.9565 ±0.1422 12.9722 ±0.1 702 13.0468 ±0.1633 
K(%) 1.8753 ±0.0356 1.7775 ±0.0337 2.8705 ±0.0484 2.9154 ±0.0503 
Nal in-situ scintillometry 
U (ppm) 6.28 ±0.314 4.79 ±02395 4.43 ±0.2215 NA 
Th (ppm) 11.46 ±0.573 9.71 ±0.4855 15.13 ±0.7565 NA 
K (%) 1.97 ±0.0985 1.95 ±0.0975 2.71 ±0.1355 NA 
Weighted means of isotope cencentrations 
U (ppm) 9.1119 ±2.7182 7.0899 ±2.4289 4.9878 :H.7897 1.7075 ±0.029 
Th (ppm) 10.379 ±0.117 9.839 ±0.111 12.358 ±0.1 33 12.883 ±0.1367 
K(%) 1.834 ±0.0314 1.7881 ±0.0304 2.7882 ±0.0427 2.8769 ±0.0469 
Cosmic ray dose-rate (Gy/ka) 0.1579 ±0.0237 0.0949 ±0 0142 0.2177 ±0.0327 0.1693 ±0.0254 
Internal alpha dose-rate (Gy/ka) 0.1 52 ±0.062 0.124 ±0.051 0.105 ±0.043 0.065 ±0.026 
Internal beta dose-rate (Gy/ka) 0027 =0.003 0023 ±0.003 0.025 ±0.003 0.019 ±0.003 
External alpha dose-rate (Gy/ka) 0.113 ±0.064 0.093 ±0.053 0.082 ±0.045 0.063 ±0.032 
External beta dose-rate (Gy/ka) 2.464 ±0.338 2.191 ±0.302 2.664 ±0.251 2.63 ±0.042 
External gamma+ 1.93 ±0.29 1.628 ±0.258 1.864 ±0.201 1.668 ±0.029 
cosmic ray dose-rate (Gy/ka) 
Total dose-rate (Gy/ka) 4.686 ±0.662 4.06 ±0.589 4.74 ±0.472 4.444 ±0.083 
Age (ka) > 38 > 54 > 59 > 95 
Table 8.2. (contd.). OSL data, radionuclide analyses, dose-rates and ages. Samples 
97001 and 97002 are of the Latest Tilrnouth beds from playa island pedestals; Sample 
96120 is of the Early Tilmouth beds, from the pedestal at Causeway Bluff 
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Figure 8.8. OSL sample sites (solid circles) and ages for creek bank profiles for Derwent, 
Napperby and Dashwood creeks, locations shown in Figure 8.6; detailed descriptions of 
each site given in Figure 4.20. The geomorphology of the creek settings is illustrated in 
Figures 4.13, 4.1 and 4 .16, respectively. 
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Fluvial deposits in Deiwent Creek bank gave ages of: 95016A: 7.7 ± 0.2 ka, B: 14.80 ± 
0.6, C: 18.1 ± 0.8, and D: 18.6 ± 0.9 ka. Undated strata interspersed between these 
sampled units (Fig. 8.8) represent a wide spread of flood deposition in the overall range 
of 19 ka to the present. Dashwood Creek samples gave ages of: 95018 A: 8.16 ± 0.32 
ka, and B: 11.2 ± 0.5 ka, representing major disruption of the dunefields and alluvial 
remobilisation of dune sands at these times. The Napperby Creek sample gave an age of 
2.19 ± 0.08 ka, with overlying, relatively unweathered units (Fig. 8.8.) representative of 
the period 2 ka to the present. The sample suite represents fluvial activity spanning the 
last 19 ka. Thus, amelioration of conditions of peak aridity in the area commenced 
around 19 ka and an episodic flood regime has apparently prevailed in the basin since 
then. 
The Dashwood dune sample (95019) gave an age of >95 ka; its location from the core 
of the dune (Fig. 8.8) indicates that a major dune-construction phase was undeiway by 
this time, under conditions more arid and with a greater degree of windiness and/or 
more sparse vegetation cover, than the present-day in the area. 
These results are discussed in the broader context of basin-wide processes and 
evolutionary phases and with respect to studies elsewhere in inland Australia in Chapter 
9. 
8.4. AMINO ACID RACEMIZATION DATING 
Genyornis newtoni eggshell in aeolian deposits in playa islands at Lake Lewis was 
originally documented by Chen et al. (1995), and numerous additional samples were 
collected from Cliff and Dingo islands by G. Miller in 1998, analyses for which are 
reported here. The principles of and procedures for Amino acid racemization (AAR) 
dating that were applied to the Lake Lewis eggshell samples are outlined in Appendix 
3.4. 
Genyornis newtoni is a large flightless mihirung bird whose eggshell has successfully 
been dated by AAR by Miller et al. (1997; 1999). More than 700 dates on Genyornis 
eggshell from across inland Australia document their continuous presence from more 
than 100,000 years ago until their disappearance 50,000 years ago (Miller et al., 1997; 
1999). Ten Genyornis newtoni eggshell fragments were sampled from Lake Lewis, both 
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Field ID Species AAL SID D/L # Locality 
M98-A66 Genyornis newtoni 8982 B 0.669 l float, Cliff Island 
M98-A66 Genyornis newtoni 8982 c 0.603 l float, Cliff Island 
M98-A66 Genyornis newtoni 8982 D 0.603 l float, Cliff Island 
M98-A67 Genyornis newtoni 8983 A 0.661 I in situ, cliff-face, Cliff ls. 
M98-A67 Genyornis newtoni 8983 B 0.648 1 in situ, cliff-face, Cliff Is. 
M98-A67 Genyornis newtoni 8983 c 0.684 l in situ, cliff-face, Cliff ls. 
M98-A67 Genyomis newtoni 8983 D 0.652 l in situ, cliff-face, Cliff Is. 
M98-A67 Genyornis newtoni 8983 E 0.625 1 in situ, cliff-face, Cliff Is. 
M98-A67 Genyornis newtoni 8983 F 0.633 I in situ, cliff-face, Cliff Is. 
M98-A70 Genyornis newtoni 8984 A 0.656 I Dingo Island, Lake Lewis 
Table 8.3. Amino acid racemization data for Genyornis newtoni eggshell samples from Lake 
Lewis playa islands. OIL = D-alloisoleucine I L-isoleucine ratio. Thermal history for in situ 
samples in the cliff-face and for float on the playa surface at the base of the cliff assumed to be 
the same. The group mean D/L (n = 10) is 0.64 +/- 0.03 with an estimated age of70 +/- 10 ka. 
Plate 8.3. Lower part of the 
southern profile at Cliff Island. 
Full profile shown in Figure 
3.17; see also Plates 3.8 and 3.9. 
The geopick rests on the bottom 
of the Genyornis eggshell-
bearing horizon that overlies the 
lower gypcrete layer and is 
overlain by the cross-bedded 
middle gypsum sand layer. TL 
ages are from Chen et al. 
(1995). The basal aeolian 
gypsum sand unit is largely 
obscured by colluvium. GR 
NAPPERBY 244463. 
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in situ samples in a horizon in a gypseous aeolian unit in Cliff Island (Plate 8.3) and as 
float on the playa surface at the base of the cliff-faces of Cliff and Dingo islands. These 
finds represent the most northerly and westerly occurrences of Genyornis newtoni. D-
alloisoleucine I L-isoleucine ratios (D/L) for the samples were measured by G. Miller at 
the University of Colorado. Results presented in Table 8.3 have a group mean D/L ratio 
of 0.64 ± 0.03. The current average annual temperature for Alice Springs of20.95°C 
(based on the Bureau of Meteorology data for the mean daily maximum temperature of 
28.6°C for the past 59 years, and the mean daily minimum temperature of 13.3°C for the 
same period) was used by Miller for age calculation from the D/L data. The calculated 
age is 70 ± 10 ka (Miller pers. comm., 2000), although the real age may be somewhat 
greater as temperatures in the Late Pleistocene were probably cooler than that of today 
in central Australia (cf. Miller, et. al., 1997). 
The stratigraphic position of the in situ eggshell fragments and the age of 70 ± 10 ka 
accords well with TL ages for the aeolian units reported by Chen et al. (1995) from 
Lake Lewis playa islands. The latter data include a saturated TL age of >70-80 ka for 
the basal gypseous aeolian unit and an age range of 46-33 ka for several samples from 
the middle gypsum sand unit (Chen et al., 1995) overlying the Genyornis eggshell-
bearing layer. The relative positions of the TL and AAR samples are illustrated in Plate 
8.3. 
8.5. RADIOCARBON DATING 
Radiocarbon ( 4C) dating principles and methodology are outlined in Appendix 3.5. 
Twelve charcoal samples were collected from sandy flood deposits in channel banks 
and floodout landforms along Derwent and Dashwood creeks by P. Patton and G. 
Pickup in 1987 who provided their unpublished data for the present PhD study of the 
alluvial plain of Lake Lewis basin. Sample sites are shown in Figure 8.9; the precise 
localities were not re-located during the course of fieldwork for the present study and it 
is probable that many of the profiles were damaged in floods of 1988. Descriptions of 
the sites and radiocarbon ages are presented in Table 8.4. 
The ages fall into two groups. Two 'brown earth' palaeosol samples from Derwent 
Creek (DERl and DER2) yield ages of 4700-3700 years BP. The remaining two 
Derwent Creek samples (DER3 and DER4), from alluvium that was not significantly 
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Figure 8.9. Sample sites for charcoal in alluvial sands in Derwent (DER) and Dashwood 
(D\VD) creeks; DER4 and DWD 1 site localities not documented. 
Field ANU Site/Stratigraphy description Depth Age Calibrated Age 
No. Lab No. (m) years BP vears BP 
• 
DER1 6033 disseminated in red-brown sand in channel 1.5 4720± 80 5290 - 5610 
bank 
DER2 6034 disseminated in sand in buried-textured 2.25 3700± 90 3700 - 4400 
horizon in channel bank 
DER3 6035 disseminated in buried sand horizon, 1.0 400 ± 50 310- 530 
interspersed with thin mud-drapes and very 
fine sand, underlain at 2.0 m by gravel; site 
in meander bend 
DER4 6036 disseminated in medium-grained red sand; 0.84 870 ± 60 680 - 920 
site in cla an 
DWDI 6037 no data 680± 70 540- 730 
DWD2 6038 disseminated in red sand 0.55 410± 50 310-410 
DWD3 6039 disseminated in very fine red sand 0.65 460::: 80 310 - 570 
interspersed with thin mud-drapes and 
8!:anule ![ave! and coarse sand 
DWD4 6040 disseminated in base of a 0.4 m thick unit of 1.05 490 ± 70 420 - 650 
fining-upward sequence, basal coarse sand to 
upper fine sand; mud layers overlying and 
underl}jng the unit 
DWDS 6041 disseminated at base of thick unit (correlates 1.0 220± 60 60 - 340 
with DWD4?} of fine sand 
DWD6 6042 disseminated in very fine sand with granule 0.3 1210 ± 70 970 - 1270 
gravels; uppermost part ofDWD6-DWD7 
rofile 
DWD7 6043 disseminated in coarse sand; lower part of 0.8 1320 ± 80 1050-1390 
DWD6-DWD7 Erofile 
DWD8 6044 disseminated in very fine sand; gradational 0.5 950 ± 60 730 - 960 
contact with over-lying mud unit; underlain 
at 0.65 m b~ pebble ~ave! and granule sand 
Table 8.4. Conventional radiocarbon dates for charcoal in flood alluvium in Derwent and 
Dashwood creeks. Data from unpublished field notes of P. Patton and G. Pickup (1987) and 
ANU Laboratory reports (1992), provided for the present study. 
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weathered, although some buried soil A horizons were evident in the stratigraphy, 
indicate that modem depositional events extend back to about 800 years BP (P. Patton, 
written communication, 1996). The Dashwood Creek samples of unweathered alluvium 
yield ages up to around 1300 years BP, with two possible clusters, 1320-950 years BP 
(DWD6,7, and 8), and 700-400 years BP (DWDl, 2, 3, and 4). 
The data suggests a relatively stable or aggrading alluvial system that became 
entrenched in the headwaters about 1300 years ago with sediment conveyed 
downstream and deposited on the floodout plains although shifting sites of deposition 
may be represented by the age discrepancy of near-surface sediments (P. Patton, written 
communication, 1996). 
Patton (1989) considered that the general stratigraphic evidence in the Derwent and 
Dashwood creek floodplains and in other river systems flowing from the MacDonnell 
Ranges indicates that modem sedimentation rates in the distal floodout plains are much 
greater than those for the earlier part of the Holocene. This is difficult to confirm from 
the present study of the Lake Lewis basin alluvial plain as any apparent hiatuses may be 
artifacts of limited sampling rather than sedimentation gaps. The radiocarbon and OSL 
ages for alluvial sediments along Derwent and Dashwood creeks and the stratigraphic 
distribution of undated intervening units, plus the lake-shore terrace OSL age, suggest 
fairly continuous episodic fluviaVlacustrine activity rather than clustered intervals of 
sedimentation. Moreover, inorganic 14C ages for groundwaters in aquifers beneath the 
Derwent and Dashwood creek systems suggest recharge throughout most of the 
Holocene (Section 6.8.1). 
8.6. SUMMARY 
• Maghemite and hrematite are the main ferromagnetic minerals carrying the 
characteristic remanent magnetisation/primary NRM in the Anmatyerre Clay in 
Lake Lewis. 
• Diagenesis has substantially affected the ferromagnetic mineralogy of both the 
lacustrine and aeolian sediments at the playa. 
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• Thermal demagnetisation has proven to be the most effective technique for 
disclosing characteristic magnetic orientations in the Lake Lewis samples. 
• A combination of plotting of analysed data and Principal Components Analysis of 
the main trends has enabled interpretation of the depositional orientations of 
approximately half of the analysed Lake Lewis samples. 
• The Brunhes-Matuyama polarity reversal is identified at 8 m depth beneath the 
playa surface in the eastern part of Lake Lewis. Data quality is less reliable in the 
Lake Waudby suite of samples but, here, the B/M reversal falls between 9 and 12.5 
m depth beneath the playa surface. 
• A total of some 9 m of uniform Anmatyerre Clay were deposited in the palaeolake 
after the B/M reversal; this includes the interval represented in cores and that 
exposed in island pedestals. 
• A deposition rate of the order of 2 cm/ka during perennial lacustrine conditions of 
the Matuyama and much of the Brunhes chrons at Lake Lewis is indicated from the 
palaeomagnetic data. 
• The palaeomagnetic data indicate that the Causeway Bluff profile is a wholly 
Brunhes landform, i.e., both the basal Early Tilmouth beds lacustrine sediment and 
the overlying calcareous aeolian sediment were deposited within the last 780 ka. 
• Finite OSL ages for the Early and Late Tilmouth beds lacustrine sediment cannot be 
obtained by luminescence dating techniques because high radioactivity and high 
dose rates in the playa environment result in early saturation and low minimum 
ages. The age of the saline Tilmouth beds lacustrine facies that overlies the 
Anmatyerre Clay perennial lacustrine sediment in Lake Lewis remains unknown. 
• OSL analysis of dune sand from the centre of Lake Lewis basin reveals that a period 
of major aridity, substantial windiness, and associated dune-building conditions 
were established before 95 ka. The timing of regional dune development is 
discussed further in Chapter 9. 
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• Subsequent major periods of both (high salinity) lacustrine and aeolian activity at 
Lake Lewis are constrained by TL data from Chen et al. (1995), with aeolian 
gypsum sand deposition in the playa environment at: >70-80 ka, 46-33 ka and 17 ka, 
and aeolian quartz sand deposition around the playa at 23-21 ka. 
• The now-extinct large flightless mihirung, Genyornis newtoni, inhabited Lake Lewis 
area around 70 ka. AAR analysis of Genyornis eggshell from Lake Lewis playa 
islands concurs with the TL data of Chen et al. (1995), the eggshell having been 
deposited in a layer that lies stratigraphically between the basal >70-80 ka aeolian 
gypsum sand unit and the overlying 46-33 ka gypsum sand unit. 
• OSL ages for flood deposits in the main creeks ranging from 19 ka indicate 
amelioration of the major period of aridity associated with the last glacial maximum 
by approximately 19 ka. 
• The OSL and radiocarbon ages for alluvial sediments, together, indicate a regime of 
episodic fluvial activity in the basin that has been continuous for the period 19-0 ka. 
Surface waters and sediment influxes in Lake Lewis for the period 19-0 ka are 
inferred from the OSL and radiocarbon dated fluvial deposits. These sediments are 
represented by heterogeneous modem playa sediments making up the uppermost 
metre in Lake Lewis and clays and sedentary gypsum layers in Lake Waudby. 
• Episodic flooding of creeks and the lake in the last 19 ka represents the modem 
hydrologic regime at Lake Lewis. Inundations of the lake during this period are 
associated with the formation of lake-shore terraces. These landforms have been 
episodically reworked and reconstructed; a relatively recent lake-shore terrace in the 
Causeway area returned an OSL age of near 5 ka. 
• Numerical age data for Lake Lewis basin for the Late Quaternary are summarised 
diagrammatically in Figures 8.10 and 8.11. 
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CHAPTER 9. PALAEOENVIRONMENTAL EVOLUTION, 
DISCUSSION AND SUMMARY 
This chapter summarises the main research findings at Lake Lewis to represent the 
palaeoenvironmental evolution of the Cainozoic basin overall and the salt lake and 
groundwater system in particular (Section 9.1). Comparisons and correlations with 
records from other salt lake basins and inland regions are made (Section 9.2). Given that 
age constraints for key stratigraphic sequences in Lake Lewis basin have proven 
difficult to obtain, attention is given to other systems that are within the zone of 
influence of the northern monsoon regime for the purposes of extrapolation and 
correlation. Conclusions are drawn from both the distinctive features of Lake Lewis and 
its character in the context of the Australian inland region generally. To some extent, 
this project has been a reconnaissance study. The work accomplished is overviewed in 
Section 9.3 and is accompanied by an outline ofrecommendations for future work 
stemming from this research. 
9.1. PALAEOENVIRONMENTAL EVOLUTION 
The architecture of Lake Lewis basin was governed by the effects of the Late 
Palaeozoic Alice Springs Orogeny, which reactivated ancient structures and generated a 
basin-and-range province across the central Australian region. Geologic and 
geomorphic structuring of the area is consequently defined by east-west bedrock ranges 
and intervening strike valleys (Section 2.2). The post-Palaeozoic evolution of the region 
involved downwearing of the ancient ranges to produce a highly uneven 'Gondwanan 
landscape'. Cainozoic basin inception is attributed to flexural downwarping along the 
east-west -striking, northward-dipping Redbank Thrust Zone, immediately north of the 
MacDonnell Ranges. The downwarped fault block is composed of mafic granulite and 
amphibolite, which are denser than the felsic bedrock types of the fault block to the 
south. The zone was structurally unstable from the Alice Springs Orogeny onwards, and 
flexure occurred in response to a Cainozoic stress regime that paralleled the north-south 
stress field of the Alice Springs Orogeny. Downwarping north of the Redbank and 
Harry Creek thrust zones produced a 200 m structural trough beneath the southern part 
of Lake Lewis basin (Section 2.4). 
Up to 100 m of pyrite-bearing, grey-green lacustrine clay, the Mount Wedge Clay, were 
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deposited in the bedrock trough during the Palaeogene (Section 2.5). A later phase of 
deposition during the Neogene-Pleistocene comprised up to 100 m of alluvial fan 
sediments in the piedmont zone and, northward, thick, uniform red brown lacustrine 
clay, the Arunatyerre Clay. Chalcedonic mesas near Mt Hay, and possible correlative 
deposits within the main part of the basin, represent Miocene-Pliocene fluvial-lacustrine 
sediments that were intensely calcretised and silicified during waning phases of 
sedimentation (Section 2.5.2). 
At least 28 m of continuous, uniform red brown Anrnatyerre Clay are present beneath 
Lake Lewis. Deposition was from suspended load in perennial, low-salinity standing 
water (Section 3.2). Through much of its history, the Arunatyerre palaeolake may have 
been an overflow lake that was up to 19 m deep and covered an area of approximately 
3,000 km2 (Section 5.4). Periods of overflow linked Lake Lewis to a series of small 
lakes that decanted to the Lake Ngalia-Lake Bennett system to the west. The uppermost 
9 m of the Arunatyerre Clay were deposited after the Brunhes-Matuyama polarity 
reversal at 780 ka. The waning Anrnatyerre palaeolake phase may have been 
accompanied by shoreward precipitation of CaC03 at the water table, overprinting the 
lacustrine clay. The latter is deduced from the mode of occurrence of and large volumes 
of calcrete within the present-day lacustrine plain, and from estimated slow rates of 
calcium accumulation in the system (Sections 4.4 and 6. 7). The timing of cessation of 
deposition in the Anrnatyerre palaeolake is not known but is discussed below. 
Following a depositional hiatus after the Arunatyerre palaeolake phase, contrasting 
lacustrine sediments accumulated in Lake Lewis. The latter, the Early Tilmouth beds of 
olive-grey to dull yellow sandy clays, were deposited in chemically reducing conditions 
on the lake floor from variably saline lakewaters. These sediments are widespread 
within the lacustrine plain (Chapters 3, 4 and 5) although the maximum thickness is not 
known because of intensive calcrete overprinting shoreward and deflation of the 
sediment from the depocentre. The Tilmouth palaeolake extended to approximately the 
560 m (AHD) topographic contour, covered an area of around 1,300 km2, and was less 
than 8-9 m deep. A transverse foredune accumulated at the downwind end of the lake, 
west of the 560 m contour (Section 5.3). During the palaeolake periods, alluvial fan 
sediments accumulated in the alluvial plain south of Lake Lewis. Regional dunefield 
building across the basin axis may have preceded the Early Tilmouth lacustral phase, 
possibly occurring during or after the waning phases of the Anmatyerre palaeolake. An 
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OSL age of>95 ka OSL has been obtained from a linear dune in the Dashwood 
dunefield (Section 8.3). 
The Tilmouth palaeolake represents hydrologic closure of the basin, a trend towards a 
negative hydro logic balance - lower rainfall or higher evaporation, or a combination of 
both - and progressive accumulation of solutes in the groundwater system. The Early 
Tilmouth beds were deflated from the lakebed some time after the main Tilmouth 
lacustral episode. Shoreward, the lacustrine sediments became intensely overprinted 
with CaC03 to produce a l 0 km wide calcrete aureole within the 560 m (AHD) 
topographic contour. This chemical sedimentation probably proceeded at the water table 
in the lake margins during contraction of the lake. Lake Lewis became hydrologically 
separate from the lakes to the west during the Early Tilmouth lacustral phase, and 
probably also during preceding waning Anmatyerre times. In contrast, lakes Ngalia and 
Bennett appear to have remained a composite hydrologic system throughout their 
evolution, up to the playa phase. The age of the Early Tilmouth beds is not known but 
they post-date the Brunhes-Matuyama polarity reversal at 780 ka (Section 8.2) and 
predate an OSL age of>59 ka. The possible timing of their deposition is discussed 
below. 
The Latest Tilmouth beds represent a more advanced stage in salinity concentration and 
groundwater influence in the contracted lake system. The strata comprise interbedded 
grey-green sandy clay and displacive gypsum laminae. The sediment is preserved in 
pedestals beneath playa islands, sharply overlying Anmatyerre Clay (Section 3.2; Plate 
3.2), and, in turn, is sharply overlain by aeolian sediments (Plate 3.9). Elsewhere, the 
gypseous Latest Tilmouth beds have been removed from the depocentre by deflation, 
along with the underlying uppermost layer of Anmatyerre Clay. An absolute chronology 
is lacking, although the Latest Tilmouth beds predate on OSL age of >54 ka obtained in 
the present study (Section 8.3), discussed further below. 
Following cessation of deposition of the Latest Tilmouth beds, a period of gypsum dune 
building occurred at the playa. Dates for gypsum sand units obtained by Chen et al. 
(1995) indicate that this distinctive phase of aeolian deposition commenced by 70-80 
ka, followed by a gypcretisation episode. A second, major phase of aeolian gypsum 
sand deposition occurred in the period 46-33 ka, followed by a second gypcretisation 
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episode. A third, poorly-dated layer of gypsum sand was deposited on the middle unit 
(Chen et al., 1995). This legacy oflarge volumes of gypsum, relict in the landscape, 
i 
indicates a long period of high water tables in Lake Lewis basin and a dominating 
influence of groundwater processes at the depocentre during protracted periods of high 
evaporation rates, and possibly also of enhanced windiness. 
Aeolian quartz sand deposition peaked around 23-21 ka (Chen et al., 1995), followed by 
wetter conditions. The latter are represented by several OSL dates for flood deposits in 
the main creeks in Lake Lewis basin (Section 8.3), by undated strandlines around the 
playa margins and inset modem sediment in the playa (Chapter 3). Gypcretisation of 
gypsum sand units at the playa, and karstic solution of calcrete ground shoreward, point 
to the periodic presence of meteoric waters in the landscape. Playa terraces, and cliffing 
of playa islands attest to episodic inundation of the lake during relatively modem 
evolutionary phases, although continued groundwater discharge, salt efflorescence and 
shoreward silicification processes indicate major, prevalent groundwater influences. 
Gypsum precipitation in the littoral zone may have attenuated at this time due to 
calcium depletion, with the consequence of limited sand-size gypswn crystals available 
for further aeolian remobilisation, although in other respects the hydrologic and climatic 
conditions may have been conducive to ongoing gypsum crystallisation. 
The evolution of the Lake Lewis basin groundwater system has proceeded from a low-
salinity, well-flushed system associated with the Anrnatyerre palaeolake phase, to an 
increasingly brackish-saline system during the Tilmouth phases. Hydrologic closure has 
continued since Tilmouth times and solute concentration has increased in the playa 
brine pool accordingly, in response to ongoing evaporative concentration and limited 
dilution by fresh influxes to the system (Section 6.7). High solute concentrations and 
sluggish groundwater flow rates, coupled with long periods of weathering, have 
promoted the formation of diagenetic minerals in the basin depocentre (Chapter 7), with 
the latter most likely accelerated during the latest phase of the evolution of the system. 
9.2. COMPARISONS WITH OTHER SALT LAKES AND INLAND REGIONS 
The palaeomagnetic record from Lake Lewis is compared with those from Lake 
Amadeus and other Australian lakes. The stratigraphic record from Lake Lewis is then 
compared with selected records from other salt lakes and inland rivers, aimed at 
485 
Chapter 9. Palaeoenvironmental Evolution, Discussion and Summary 
building up a plausible chronology for the main evolutionary phases recognised at Lake 
Lewis. The latter are presented in specific time frames for the Middle-Late Pleistocene 
through to the modern regime. The Marine Isotope Stage (MIS) chronologic sequence, 
based on the oxygen isotope curve (Figs. 8.2 and 9.5), is used as a frame ofreference 
for discussion of later phases in the evolution of Lake Lewis. 
Comparison with the Lake Amadeus palaeomagnetic record 
The Brunhes-Matuyama (B/M) polarity reversal at 8 m depth beneath the Lake Lewis 
playa surface (9 m below the top of the Arunatyerre Clay in island pedestals) contrasts 
greatly with the B/M reversal identified by Chen and Barton (1991) at 1-2 min playa 
sediments at Lake Amadeus. The polarity change at Lake Amadeus is in the evaporite-
bearing Winmatti Beds and represents a low deposition rate of 0.2 crn/ka (Chen and 
Barton, 1991 ). The Winmatti beds overlie uniform lacustrine sediment, the Uluru Clay, 
which is lithologically similar to the Arunatyerre Clay at Lake Lewis, described above. 
Chen and Barton (1991) recognise several chrons and sub-chrons, the Matuyama, 
Jaramillo, Olduvai and Gauss, in the Uluru Clay and calculate a deposition rate of 
around 1.5 crn/ka for the pre-Brunhes lacustrine sediment. This is similar to the 
estimated deposition rate of approximately 2 crn/ka for the Arunatyerre Clay (Section 
8.2.7; Fig. 9.1). Lacustrine sedimentation rates in lakes Amadeus and Lewis may have 
been similar through the Early Pleistocene and then the Lake Amadeus environment 
changed drastically, when surface water domination changed to groundwater control 
and aeolian sedimentation. In contrast, standing water persisted in Lake Lewis until well 
into the Brunhes Chron. 
The manifest contrast between lakes Amadeus and Lewis with respect to the indicated 
timing of the onset of major aridification -well before the B/M reversal in Lake 
Amadeus (Chen and Barton, 1991) and much later during the Brunhes Chron at Lake 
Lewis - bears further consideration. The palaeomagnetic data for Lake Amadeus 
indicate a very early onset of major aridity, possibly by 900 ka (Chen and Barton, 
1991). Aeolian activity at that time evidently resulted in blockage of the drainage lines 
to Lake Amadeus by windborne sedimentary accumulations, with consequent inefficient 
delivery of water and sediment to the lake and ensuing development of playa conditions 
at the depocentre. Flat terrain over large expanses, has meant that the Amadeus 
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catchment was particularly susceptible to dense accumulation of aeolian sands and 
development of complex dunefields at the centre of the continent-scale dunefield whorl 
(Fig.1.1 b ). For the most part, this situation has not been reversed since that early turning 
point; dunefields continue to choke most of the ancestral creeks that once fed Lake 
Amadeus and to impede fresh sediment supply to the lake. Thus, the effective Lake 
Amadeus catchment has become essentially the lake surface area only, with little 
surface water inflow from wider reaches of the basin. These facts are represented in 
Figure 1.13 where Lake Amadeus plots amongst the driest and least responsive lakes in 
Australia whilst Lake Lewis, in contrast, is an ephemeral lake, plotting close to the 
hydrologic tlrreshold, and is a much more responsive system overall, more analogous to 
lakes situated nearer the coasts. The evidence is borne out in the geomorphology and 
stratigraphic record, and the respective present-day classifications of the two lake basins 
represented in Figure 1.13 appears to be relevant for the Mid- to Late Pleistocene as 
well as for the contemporary situation. 
Thus, both the ancestral lakes, Amadeus and Lewis, were well-fed by numerous creeks 
from surrounding mountains and sedimentation rates appear to have been similar up 
until the late Matuyama Clrron whereupon the systems diverged in their responses to 
prevailing conditions. Once the creeks feeding Lake Amadeus became occluded, the 
sedimentation rate in the lake dropped from the former 1.5 cm/ka of the perennial Uluru 
lacustrine regime to 0.2 cm/ka with dominantly aeolian and evaporite sedimentation at 
the playa. At Lake Lewis, the combination of advantageous rainfall dynamics due to its 
position with respect to air masses from the north, inferred lesser quantities of dune 
sand within the relatively small, closed aeolian system, shorter, steeper gradients from 
the ranges that may have precluded permanent occlusion of creeks by dunefields, and 
efficient runoff, resulted in continuation of the higher sedimentation rate in the lake, 
around 2 cm/ka, tlrrough the Middle Pleistocene. It is likely that Napperby Creek - with 
its broad channel and with a moderate gradient descending directly from Stuart Bluff 
Range - remained open to Lake Lewis tlrrough the whole Pleistocene although the other 
main creeks, which traverse flatter reaches of the basin axis, became blocked by dunes, 
albeit relatively minor dunefields compared to those surrounding Lake Amadeus. 
These interpretations of the contrasting palaeomagnetic results for lakes Amadeus and 
Lewis underscore the efficiency of the Lake Lewis drainage system, with its 
surrounding mountainous catchment and much smaller, less obtrusive dunefields 
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compared to the Lake Amadeus setting. Lake Lewis basin, relative to Lake Amadeus, is 
a well-watered, well-vegetated landscape, and has probably been so in the past. This 
implicates significant inertia for sand shifting potential at Lake Lewis, with relatively 
less dune formation. The efficiency of the Lake Lewis drainage system in delivering 
water and sediments from the catchment to the lake is emphasised further in Section 8.3 
with respect to surface water activity following periods of peak aridity. OSL dates for 
fluvial deposits in the basin, along with the strandline array around the playa attest to 
substantial and recurring inundations in the modern regime (Section 3.3), reinforcing 
the notion that Lake Lewis is a far more efficient drainage basin than Lake Amadeus, 
despite the geographic proximity of the two lakes. 
It is suggested that the transition from perennial, non-saline Anmatyerre Clay lacustrine 
conditions at Lake Lewis to subsequent saline, fluctuating conditions represented by the 
Tilmouth beds, is a Late Brunhes phenomenon, as discussed below. There is no 
evidence of a Tilmouth palaeolake analog at Lake Amadeus. 
Other palaeomagnetic records 
The Tirari Formation in the Tirari Desert comprises a 12 m layer of thinly-bedded mud 
and muddy sand, often gypseous, in broad shallow channels, deposited in floodplain 
environments along with lacustrine equivalents, in which the vertebrate fauna suggests a 
Pliocene age (Tedford et al., 1986; Callen and Benbow, 1995). Palaeomagnetic data 
from the Tirari Formation indicates a Pliocene Gilbert reversed chron, 3.9-3.4 Ma 
(Tedford et al., 1992). At Lake Freme, a sequence of several lacustrine cycles overlying 
the Oligocene-Miocene Namba Formation appear to have been deposited in periodically 
overflowing conditions. The Brunhes-Matuyama boundary has been located in the post-
Narnba lacustrine sequence (Magee and Bowler, 1999). 
A post-B/M transition from perennial to saline facies has been interpreted for the 
ancient, tectonically-controlled Lake Bungunnia in the Murray Basin, NSW, Victoria 
and SA. An et al. (1986) postulate, from palaeornagnetic data, that the transition 
between the uppermost perennial lacustrine Blanchtown Clay and the overlying facies 
that include the saline Tyrrell Beds, dunes and soils, probably falls somewhere between 
700 and 400 ka. At Lake Buchanan, Queensland, Chivas et al. (1986) identified the B/M 
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at 5.05 m depth; the mean sedimentation rate for the Brunhes Chron there is estimated 
at <1.0 crn/ka, with several palaeosol layers indicating frequent exposure of the 
Pleistocene lakebed and implying numerous periods with low sedimentation rates. At 
Lake George, NSW, Singh et al. (1981) identified the B/M reversal at 17.4 m depth and 
estimated a sedimentation rate of approximately 2.23 crn/ka for the Brunhes, Upper 
Matuyama and Jaramillo chrons. 
The B/M boundary has been identified at markedly different depths in investigated 
Australian lakes and this reflects the wide range of climatic regimes, catchment 
parameters, sediment supplies and deflationary histories. Calculated deposition rates for 
perennial lacustrine sediment beneath present-day ephemeral lakes/playas range from 1 
to 2 crn/ka. The estimated deposition rate for Lake Lewis is at the higher end of this 
range. The Lake Lewis palaeomagnetic chronology suggests a lacustrine history that is, 
in some respects, similar to Lake George located in the sub-humid zone. Reference is 
made to Figure 5.13 where postulated parameters for the Anmatyerre palaeolake plot 
close to those for present-day Lake George, although the Anmatyerre lake was more 
perennial than the latter, probably similar to the palaeo-Lake George. Both Lake Lewis 
and Lake George basins contain thick, continuous elastic lacustrine clay. Another 
shared characteristic is the proximity to overflow (the geomorphology and ancient 
shorelines of Lake George have been mapped by Coventry, 1976), with the implied 
consequence of delimited lake expansions and perpetual flushing during lake full 
conditions. The Lake George record includes 3 6 m of deep water deposition spanning 
the Gauss to Brunhes chrons, with still older, deeper sediments extending to an 
estimated depth of 134 m, the base of which may be Middle Miocene or older (Singh et 
al., 1981). The Anmatyerre Clay extends to at least 28 m depth (Lake Waudby drill-
core) which, at the 2 crn/ka deposition rate estimated above, represents 1.4 Ma of 
continuous lacustrine sedimentation, from the earliest Pleistocene onwards. Seismic 
data indicate that the depth to basement beneath at least one part of the playa is 80 m 
(Section 2.3); it is not known if the depth to basement is greater west of the seismic line, 
beneath the depocentre, although this seems likely. The 80 m depth may imply a 
lacustrine depositional history extending back at least 4 Ma, to the Early Pliocene. The 
possibility that a Miocene-Pliocene antiquity may be applicable to the Anmatyerre Clay, 
and also to the thick alluvial fan deposits and the Hamilton Downs chalcedonic mesas to 
the south, was discussed in Section 2.5, based on extrapolation from Neogene records 
from other central Australian Cainozoic basins. 
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The Arunatyerre deposition rate is higher than that recorded palaeomagnetically at Lake 
Buchanan (Chivas et al., 1986) where the numerous palaeosol layers represent periods 
of non-deposition. High runoff and high sedimentation rates in Lake Buchanan are 
predicted, given the encompassing mountainous catchment, similar to the situation at 
Lake Lewis. Palaeosol layers are not evident in the Anrnatyerre Clay column (see also 
Sections 3.2 and 3.6), suggesting much more continuous deposition, again, a reflection 
of favourable runoff characteristics at Lake Lewis and its proximity to the positive side 
of the hydrologic threshold through much of its history (e.g., Fig. 5.13). 
The palaeomagnetic signature from the Lake Lewis record indicates that the Matuyama 
Chron and much of the Brunhes Chron were characterised by persistent standing water 
conditions, with at least nine metres of perennial lacustrine clay deposited after the B/M 
polarity reversal. Overlying saline facies appear to be a relatively late manifestation in 
the chronostratigraphy. In this regard, the record may be similar to that from the ancient 
Lake Bungunnia, cited above, where the switch from perennial lacustrine clay to the 
overlying saline facies may have occurred some time between 700 and 400 ka (An et 
al., 1986). Lake Lewis lies within the zone of influence of the summer rainfall regime 
and the position of Lake Bungunnia is within the winter rainfall regime, so the timing 
and effects of climatic changes may not correspond well between the two areas and 
similarities between the records may be coincidental. Notwithstanding, it seems 
plausible that the transition from the perennial lacustrine Anmatyerre Clay to the 
Tilmouth beds could have occurred in the period 700 - 400 ka when the sedimentation 
style at Lake Bungunnia changed drastically. If this inference is tenable, and given that 
9 m of Anmatyerre Clay were deposited after the B/M reversal, the switch to the 
Tilmouth depositional style may have been a mid-Brunhes event, possibly near the 
younger age in the postulated 700 - 400 ka time frame bracketing the switch at Lake 
Bungunnia. 
The palaeomagnetic record from Lake Lewis underscores the efficiency of the 
catchment which has the capacity to maintain a continuous deposition rate similar to, or 
greater than, more coastward basins. This must be a reflection of the favourable 
intermontane position of Lake Lewis in terms of receipt of rainfall under the orographic 
influence of the MacDonnell Ranges and the ranges to the north, high catchment area 
490 
Chapter 9. Palaeoenvironmental Evolution, Discussion and Summary 
relative to lake area, ample sediment supply, and efficient water and sediment delivery 
to the lake. The latter contention is brought to bear in discussions of complementary 
aspects of Lake Lewis, below. 
MIS 11-9 time frame 
Figure 9 .1 summarises the stratigraphic relationships at Lake Lewis for the final part of 
the Anmatyerre palaeolake phase, from the latter part of the Early Pleistocene (Late 
Matuyama) to the Middle Pleistocene. The only fixed age constraint is the B/M 
boundary at 9 m depth; the timing of cessation of deposition of the Amnatyerre Clay is 
not known and can only be conjectured, as follows. 
During the Late Pliocene and Early Pleistocene, when the Anmatyerre Clay was 
accumulating in Lake Lewis, the Kutjitara Formation was being deposited in Lake Eyre 
Basin. The Kutjitara Formation was first described by Tedford et al. (1986) and Tedford 
and Wells (1990) as a 10 m thick fluvial channel and lacustrine-playa formation that is 
cut into the Etadunna and Tirari Formations. The Kutjitara Formation is characterised 
by wide expanses of sands, deposited in broad channels that flowed to Lake Eyre, and 
contains diprotodon fossils (Tedford et al., 1986). It is noted that the Kutjitara 
Formation can not always be differentiated from the underlying Tirari Formation or the 
overlying Katipiri Formation (J. Magee, ANU, pers. comm., 2001). Callen and Nanson 
(1992) obtained thermoluminescent (TL) ages from the Kutjitara Formation in the lower 
Cooper Creek at >320-440 (MIS 10-11). TL ages of800-700 and 450-350 ka from 27 m 
and 15 m depths, respectively, have been obtained from sand deposits in Cooper Creek 
by Maroulis et al. (1997). 
At Lake Gregory, northern WA (Fig. I.la), Bowler et al. (in press) have obtained TL 
dates of around 300 ka (late MIS 9) from the Western Ridge, the outermost shoreline 
sand ridge. Both lakes Gregory and Lewis are monsoon-watered systems and some 
aspects of their hydrologic characters are similar, as represented by their plotted 
proximity in Figure 1.13. The present-day evaporation-precipitation ratio for Lake 
Lewis, at 10.9, is lower than that for Lake Gregory, at 13.3, where annual rainfall is 
around 300 mm and potential evaporation is around 4000 mm (data from Bowler et al., 
in press). A 1000 mm lower potential evaporation rate at Lake Lewis may relate to its 
higher elevation in the central uplands and greater diurnal temperature extremes. Thus, 
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Latest Anmafyerre lacustral phase 
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ANMATYERRE CLAY: 3.6 to >28 m depth 
at Lake Waudby 
possible shOreword 
precipitation of CoCO, 
during woning phases of 
the Anmatyerre pofoeoloke 
stage 10 (or 8?) 
MIS l l - 9 CHRONOLOGY OF OTHER REGIONS 
Cooper Creek, Lake Eyre Basin: deep sand body, large laterally active meandering 
river channels. 450-350 ka (stage 11 ). 
[Maroulis et al.. 1997) 
Cooper Creek, Lake Eyre Basin: Kutjitara Fm .. >300-400 ka (stage l 0-11 ). 
[Callen and Nanson. 1992) 
Lake Gregory: greatly expanded lake phase: Western transverse shoreline ridge 
-300 ka (stage 9), followed by dune development >230 ka. 
[Bowler et al., in press) 
Lake Amadeus: fluvial-lacustrine sedimentation (Uluru Clay) in a seasonally dry lake 
had ceased by approximately 900 ka. with subsequent deposition of aeolian and 
evaporite sediments from towards the end of the Early Pleistocene onwards. 
[Chen and Barton. 1991) 
Figure 9 .1. Stratigraphic relationships and inferred timing of the latest part of the 
Anmatyerre lacustral phase at Lake Lewis, with Marine Isotope Stage (MIS) 11 (or 9?) 
being the inferred age for the uppermost part of the Anmatyerre Clay column, based on 
extrapolation from the cited records and from the sequence of younger strata at Lake 
Lewis. The waning phase of the Anmatyerre palaeolake may have been associated with 
hydro logic closure of the basin and precipitation of calcrete around the contracting lake. 
The ensuing MIS I 0 (or 8?) may have represented a depositional hiatus. 
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the extreme degree of continentality of Lake Lewis does not necessarily imply greater 
aridity in this instance, and the evolution of Lake Lewis may follow that of Lake 
Gregory. It is therefore suggested that the Anmatyerre lake may have been full to its 
overflow level (a 3075 km2 lake) when the -300 ka outer shoreline at Lake Gregory was 
being accreted. A shoreline ridge associated with the 570 m highest possible lake level 
at Lake Lewis is not relict in the landscape because the 570 and 560 m topographic 
contours are closely spaced west of Lake Lewis and would, therefore, have been 
onlapped by foredune development associated with the ensuing 560 m Tilmouth 
stillstand. In any event, pre-existing shoreline sand ridges associated with high lake 
stands at Lake Lewis have been completely reworked into large linear dunes, as 
described in Section 5.3. 
There is some suggestion from marine records that MIS 11 was an especially prominent 
interglacial, with MIS 10 representing a subsequent peak in aeolian activity, particularly 
in the Tasman Sea dust record (Hesse, 1994). This dust is, however, largely sourced 
from the Murray Basin and, although it accords well with the initiation of dunes and 
lake deflation there, the record may not hold any relevance to central Australia for this 
time. 
The limited available age data that may be pertinent to the evolution of Lake Lewis 
during the Middle Pleistocene are summarised in Figure 9.1. It is suggested that the 
latest deposition of the Anmatyerre Clay may have been during either the MIS 11or9 
interglacial periods, with cessation during either the MIS 10 or 8 glacial periods. In part, 
this suggestion is based on the time required for subsequent events in the evolution of 
Lake Lewis basin, to allow for gaps in the record post-dating the Anmatyerre Clay, 
which probably relate to more arid glacial periods. Proposed shoreward calcretisation of 
the Anmatyerre Clay, indicated in Figure 9 .1, is deduced from the abundance of calcrete 
in the lacustrine plain and the slow rates of calcium accumulation in the system. Field 
observations and borehole data indicate that the 12 m thick calcrete aureole may have 
required longer than merely the post-Tilmouth palaeolake period to accrete (Sections 
4.4 and 6. 7), although no ages have been obtained from the calcreted Anmatyerre Clay. 
MIS 7-6 time frame 
Figure 9.2 represents the stratigraphic relationships at Lake Lewis for the Tilmouth 
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palaeolake phase, when the Early Tilmouth beds were deposited over a 1375 km2 area. 
Also shown are annotated age data from elsewhere in inland Australia for MIS 7 and 6. 
The Middle- Late-Pleistocene Katipiri Formation in Lake Eyre Basin comprises sandy 
channel deposits of meandering streams that are similar to the underlying Kutjitara 
Formation (Callen and Benbow, 1995). Data from Nansen et al. (1988) suggests 'Early' 
and 'Late' Katipiri sand deposits in Cooper Creek, MIS 7 and 5, respectively. Basal 
Katipiri sand gives TL ages of260-220 ka (MIS 7). Maroulis (1997) and Coleman 
(2000) provide additional MIS 7 TL dates from widespread sand deposits in Cooper 
Creek, along with some evidence for MIS 6 fluvial activity. Lake Woods, NT, and Lake 
Gregory were expanded lakes during MIS 7 (Bowler et al., 1998; Bowler et al., in 
press). TL ages of> 170and>160 ka for coarse fluvial sediments in the western 
catchment of Lake Eyre is referred to as MIS 7 by Croke et al. (1996). 
It is proposed that the wet MIS 7 period recorded widely across the monsoon-influenced 
regions of the inland is represented at Lake Lewis by the Tilmouth palaeolake, when the 
Early Tilmouth beds were laid down. The age constraints from shoreline sand ridges at 
lakes Woods and Gregory are particularly relevant, given the analogous character of 
Lake Lewis in terms of hydrologic and climatic parameters, as illustrated in Figure 1.13. 
In the case of the Tilmouth palaeolake, hydro logic closure and increasing salinity and 
variable sedimentary conditions are represented. It was suggested in Section 4.11 that 
regional dune-building across the basin axis may have preceded the Tilmouth 
palaeolake phase. This was based on the observation that the dunefields do not encroach 
the 560 m topographic contour (although alternative explanations are also considered in 
Section 4.11 ). If the former proposition is applicable, major aeolian activity in the area 
may have occurred during either the MIS 8 or 10, or during both these glacial periods. 
Regression of the Tilmouth lake from the 560 m topographic contour may have 
proceeded during the MIS 6 glacial period, with calcretisation of shoreward near-
surface lakebed sediments occurring at the water table during, or following, contraction 
of the lake. The Early Tilmouth beds were, at some time, deflated from the depocentre, 
possibly during MIS 6. 
494 
MIS 7 - 6 
Early Tilmouth lacustral phase 
:·'ia'ke·'i0:;is.aii'(;.:i;;i·-;;;;;in:··;:egi0iiai'dune-·1 
; building >95 ko (OSLJ ! 
but prObobf'f pre-Oating the 
Tllmouth potoeotoke 
;. ..................................................................................... : 
r ......... £~;;·ni-;:;:;;;A'h·b;d; .......... i 
~ completely deflated from f- · - · - · 
L~~~~!.r"!. .. '!..~'.!~.":'.!!~ .. ?..r?.!..! 
ANMAlYERRE CLAY 
EAST LEWIS 
Dlllll CORE 
deposition of Early 
Tl/mouth beds. 
Tl/mouth poloeo/oke 
to 560 m {AHDJ 
EARLY 
TILMOUTH BEDS 
ANMAlYEflRE CLAY 
MIS 7-6 CHRONOLOGY OF OTHER MONSOON-INFLUENCED REGIONS 
Cooper Creek, Lake Eyre Basin: Early Katipiri Fm: wet fluviol 260 - 220 ko (stage 7). 
[Nanson et al., 1988] 
Neales River - Lake Eyre: coarse-groined fluviol aggrodation up to 170 ka (stage 7). 
[Croke et al., 1996] 
Cooper Creek: fluviolly active 250 - 230 and 170 - 146 ka (stages 7 & 6). 
[Coleman et a l., 2000] 
Lake Woods: expanded lake phase: palaeo-shoreline Ridge 2, -180 ka (late stage 7). 
[Bowler et al., 1998] 
Lake Woods: large outer lunette accretion: -268 ka (stage 8) and at >270 ko; 
lacustrine sediments at 8 m depth beneath lake floor, >270 ka. 
[N. Spooner, J. Magee. J. Chappell, ANU, pers. comm., 2001] 
Lake Gregory: expanded lake phase: Rillyi Rillyi transverse shoreline ridge -200 ka 
(stage 7), followed by drying and dune development (stage 6). 
[Bowler et al .. in press] 
Lake Amadeus: slow deposition of aeolian and evaporite sediments in the playa. 
[Chen and Barton, 1991] 
Figure 9.2. Stratigraphic relationships and inferred timing of the Early Tilmouth lacustral 
phase, the Tilmouth palaeolake (to 560 m ARD), at MIS 7, based on extrapolation from the 
cited records from the inland region. The Early Tilmouth beds are represented at Causeway 
Bluff, Rabbit Hole Gap and numerous other sites in the lacustrine plain of Lake Lewis 
basin. Cessation of deposition of the Early Tilmouth beds may have been during MIS 6, the 
penultimate glacial period. 
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MIS 5 CHRONOLOGY OF OTHER MONSOON-INFLUENCED REGIONS 
Lake Eyre: enlarged perennial lake to 25 m deep, 130 - 110 ka (early stage 5). 
[Magee et al., 1995] 
Lake Eyre: drying of the enlarged 130-110 ka lake and lower, fluctuating lake 
levels and variable salinities 95 - 80 ka (middle-late stage 5). 
[Magee et al., 1995) 
Neales River - Lake Eyre: high lake level phase, Ghost Yard lacustrine clay 
> 103 ka (probably early stage 5). 
[Croke et al., 1996] 
Cooper Creek: northern rivers pronounced fluvial activity 116 - 109 ka (stage 5). 
[Coleman et al., 2000) 
Lake Woods: expanded lake: palaeo-shoreline Ridge 1 , 96 ka (middle stage 5) 
with subsequent contraction. 
[Bowler et al.. 1998] 
Lake Gregory: lake expansion: Kurdu Kurdu, Lens bore, Yuenbi, Yadjulano 
shoreline ridges -100 ka (m iddle stage 5). 
[Bowler et al., 2001] 
Figure 9.3. Stratigraphic relationships and interpreted timing of the Latest Tilmouth 
lacustral phase at Lake Lewis; the early MIS 5 age for the Latest Tilmouth beds is 
inferred largely from data for Lake Eyre. 
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Early MIS 5 time frame 
During the Last Interglacial, Early MIS 5, a 25 m deep, enlarged lake existed at Lake 
Eyre, dated by Magee et al. (1995) at 130-110 ka. Given that both lakes Eyre and Lewis 
are monsoon-dominated regimes and the fact that both lakes plot close to the 
Hydrologic Threshold in Figure 1.13, it is inferred that Lake Lewis was at least a 
shallow lake during the Last Interglacial. It is postulated that this lacustral phase is · 
represented at Lake Lewis by the Late Tilmouth beds, which are relict in the playa 
island pedestals and which sediments represent high levels of salinity and groundwater 
interaction at the contracted lake. 
Substantial evidence indicates that Early MIS 5 was a wet period across the inland. In 
the Neales River, in the western Lake Eyre catchment, a high lake level phase is 
registered sometime before 103 ka, and referred to early stage 5 by Croke et al. ( 1996). 
In the case of both lakes Woods and Gregory, lake expansions may have occurred 
during Mid- MIS 5 (Bowler et al., 1998; Bowler et al. in press). Similarly, pronounced 
fluvial activity is recorded in Cooper Creek for Mid MIS 5 (Nanson et al., 1992; 
Maroulis, 1997; and Coleman et al., 2000). 
These data are collated in Figure 9.3, with the Latest Tilmouth beds highlighted as an 
inferred Early MIS 5 lacustral phase, although Mid MIS 5 lakewaters are also possible 
given the evidence from other regions. Calcretisation of the shoreward Early Tilmouth 
beds probably also occurred or continued at this time when evaporative concentration of 
solutes and chemical precipitation was evidently very intense. 
Late MIS 5 - present time frame 
The nature of Late MIS 5 events at Lake Lewis are represented by initial aeolian 
gypsum sand deposition onto the Latest Tilmouth beds to form playa islands, from 
which Chen et al. (1995) obtained TL ages of>70-80 ka. Similarly, MIS 3 is 
represented by aeolian gypsum sand units in the playa islands, 46-33 ka (Chen et al., 
1995). Intervening, probably wetter, periods resulted in gypcretisation of respective 
gypsum sand units. These data are illustrated in Figure 9.4. Thus, variable shallow 
lacustrine and aeolian conditions for the post -Last Interglacial period are represented at 
Lake Lewis. Dissolution of the calcrete ground may have also occurred during this 
497 
Late MIS 5 - present (post- last interglacial) 
shallow saline lake - aeolian gypsum -
flood alluvium - quartz dune phases 
solution and silicification of CaC03 
Lake Lewis playa Islands: 
m TL dates on quartz in aeolian units 
ot gypsum - quartz sand 
(late stage 5?, stage 3. stage 2); 
6 .. · . . . ~ quartz dune blanket (stage 2) ~ •• • _17_ +!- s ro :· [Chen et al. 1995] 
korst development in 
ond sJticlfJCation of 
c o/crete ground 
3~ 4 -.::~6···;J :k:::.·. • ............................................... .. 
~ :_:-.·: .__.-., .. ~ . .-;. l Tilmouthlokebed ! 
"- ·: ·_- ·_-: ."." ". · · · ! [middle stage 5?) 1 
2 .. · -> 70 . 80 ko: -.· . _ '";·:.:::··:·:.:::··;··.::.:··:··.::.:··:··::::·:··::.::·. _ . _ . _ . 
0 inset sediments 
heterogeneous Inset 'modern p1ayo 
sediments' Including red oeol/on sand; 
most of the Inset sediment 
inferred to correspond with 18 - o ka 
fll.Niol sedimentation in the allwial plain 
:. ........... _ ............................................ -................................. : 
?--? 
POST- LAST INTERGLACIAL CHRONOLOGY OF OTHER MONSOON-INFLUENCED REGIONS 
Finke River - Lake Eyre Basin: dune formation l 00 ka. 
[Nanson et al .. 1995; Coleman et al., 1999] 
Lake Amadeus: gypseous playa islands: TL dates 60 - 45 ka (stage 3). 
[Chen et al., 1990; 1993] 
Neales River - Lake Eyre: base level lowering and channel incision 50 - 30 ka (stage 3). 
(Croke et al.. 1996] 
Lake Eyre: dry and being excavated 60 - 50 ka (early stage 3); shallow lacustrine 
conditions 50 - 40 ka (middle stage 3); playa conditions 35-1 0 ka (late stage 2 - stage 1) 
[Magee et al.. 1995; Magee & Miller, 1998] 
Lake Woods: phase of subaerial weathering, followed by lacustrine conditions 53 - 30 ka 
(middle-late stage 3). 
Drying -30 ka. longitudinal dune formation 
[Bowler et al.. 1998] 
Cooper Creek: northern rivers active 120 - 6 ka (stage 5 - Holocene) but increasingly 
drier after -60 ka. 
[Nanson et al., 1988; Coleman et al., 2000] 
Lake Gregory: long dry period, pedogenesis, dune building 68 - 51 ka (stage 4 -
early stage 3). 
[Bowler et al.. in press] 
Figure 9.4. Stratigraphic relationships and ages for aeolian sand units and inset sediments in 
Lake Lewis and post- Last Interglacial processes. 
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period, with subsequent onset of substantial silicification of the karstified calcrete. 
Post- Last Interglacial aeolian activity has been recorded from widespread sites across 
the inland. Source-bordering quartz dune formation in Lake Eyre basin has been dated 
by Nanson et al. (1995) and Coleman et al. (1999; pers. comm., 2000) at around 100 ka. 
Aeolian gypsum sand was deposited as islands at Lake Amadeus during the period 60 -
45 ka (Chen et al., 1990, 1993), analogous to the deposits at Lake Lewis (Chen et al., 
1995). A phase of subaerial weathering occurred at Lake Woods, followed by lacustrine 
conditions, 53-30 ka (Bowler et al., 1998). At Lake Gregory, a long dry period, with 
pedogenesis and dune-building occurred during the period 68-51 ka (Bowler et al., in 
press). At Lake Eyre, base level lowering is indicated in the Neales River for the period 
50-30 ka (Croke et al., 1996). Pluvial sedimentation occurred in the Sandover River, 
northeast of Alice Springs, during the period 57-32 ka, and in the Woodford River, 
immediately north of Lake Lewis basin, at 25 ka (Tooth, 1997). Following varied 
fluvial activity in the northern rivers feeding Lake Eyre from 120 ka onwards, 
increasing aridity is represented after 60 ka (Nanson et al., 1988; Maroulis, 1997; 
Coleman, 2000), with conversion of sandy fluvial systems to muddy, anastomosing 
systems. 
Quartz dune-building around Lake Lewis playa peaked at around 23-21 ka (Chen et al., 
1995). Fluvial activity resumed in Lake Lewis basin around 18 ka, following the period 
of peak aridity. OSL dates from fluvial sediments in Derwent, Dashwood and Napperby 
creeks span the period 18 - 2 ka, and terrace-building at the playa is recorded for 5 ka. 
Tooth (1997) obtained a TL age of 18 ka from the Woodforde River, to the immediate 
north of the Lake Lewis catchment. Episodic inundation of Lake Lewis for this period, 
from approximately 18 ka onwards, is further indicated by sedimentary and geomorphic 
evidence, including modem playa sediments (Fig. 9.4) and strandlines. Bourke (1998) 
documents high magnitude floods in the Todd River for the period 14 - 4 ka, and no 
evidence for large-scale flooding between 24-15 ka. Magee et al. (1995) note that the 
period 25? to 10 ka was an ephemeral playa regime at Lake Eyre. Magee and Miller 
(1998) document the period 60 ka to the present at Lake Eyre in greater detail. They 
refer the period 35-10 ka as a "dry-lake period", characterised mostly by minor episodic 
deflation and deposition of the Shelly Island unit lunette sediments. The Neales River 
record, west of Lake Eyre, for the period 30 ka to the mid-Holocene, is characterised by 
intermittent fluvial activity (Croke et al., 1998). East of Lake Eyre, in the Innamincka 
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Figure 9.5. Oxygen-isotope curve (after Martinson et al., 
1987), and postulated chronostratigraphic summary for 
Lake Lewis basin. Unconformities in Lake Lewis 
stratigraphy represented by wavy horizontal lines. 
Asterisks designate TL ages from Chen et al. ( 1995). 
Events for which the ages/timing are inferred are shown in 
italics and discussed in the text. 
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Figure 9.6. Diagrammatic representation of the Quaternary evolutionary sequence for Lake Lewis 
and inferred time frames for the main phases, based on poorly constrained stratigraphic 
relationships: (a) Anmatyerre lacustral phase, through the Early and much of the Middle 
Pleistocene, with at least 9 m oflacustrine clay deposition after 780 ka; (b) contractional 
Anmatyerre phase, with waning of deposition of the Anmatyerre Clay and possible shoreward 
calcretisation during Marine Isotope Stage (MIS) 11 or 9 (?); (c) Early Tilmouth lacustral phase 
with the maximum Tilmouth palaeolake extending to the 560 m (ARD) topographic contour, 
possibly a MIS 7 lacustrine episode that may have post-dated establishment of regional dunefields 
across the basin axis south of the lake. Time slices for subsequent evolutionary phases, Figs. 9.6 (d) 
to (f), are illustrated on the next page. 
501 
stranded downwind 
po/aeo-beach and 
transverse foredune 
quartz sands 
Earlv MIS 5 - Last Interglacial 
take contraction & shallowing 
evaporative concentration 
brackish - saline groundNoter discharge 
~ shallow. fluctuating Joke water ¢:J 
a 
t t incipient CaC03 dunes? 
~~:;::c-::;--;;--~GI Late Tilmouth beds f--,-;:----;;~~;::r:'.;~52:?' 
remobilisation of 
antecedent foredune 
quartz sands 
Late MIS 5 and MIS 3 
intensified evaporation; increased windiness 
Increased sal/ntty and groundwater discharge; deflation and 
aeolian redeposition of calcium carbonate dust, sand-size 
gypsum and quartz to form p/aya-fringing dunes and islands 
gypsum dunes ' 
stabilisation of 
linear dunes 
Late MIS 2 - present 
continued evaporative concentration of solutes 0 
episodic high magnitude flood events 
ephemerol lndundation of the lake 
() 
quartz sand mantling 
of gypseous 
p/aya-frlnging dunes calcrete carapace 
() 
(d) 
(e) 
(f) 
Figure 9.6. (d) Late Tilmouth lacustral phase during continued hydrologic closure of the basin and 
following major contraction of the Early Tilmouth palaeolake and deflation of the Early Tilmouth 
beds from the depocentre. Precipitation of displacive gypsum laminae in the Latest Tilmouth beds, 
Early MIS 5, the Last Interglacial; (e) Intensified evaporative concentration of solutes and chemical 
sedimentation at the depocentre, with precipitation of gypsum during long or recurring periods of 
high groundwater recharge and elevated water tables. Intermittent reworking of gyspum sands into 
playa islands and playa-fringing dunes, and continued deposition of CaC03 dust with quartz sand, 
and probable reworking of regional quartz dunes. Mid- to Late MIS 5; ( t) Ameliorated climatic 
conditions, Late MIS 5 and MIS 3, with a period of intense aridification and aeolian activity during 
stage 2, and much variation in hydrologic conditions during the overall Post- Last Interglacial 
period. Possible depletion of dissolved calcium stores attenuating calcrete and gypsum precipitation, 
gypcretisation of aeolian gypsum sand deposits, and karst develpment in calcrete ground and silica 
replacement of calcrete. Cessation of regional dune formation. Ephemeral flooding of the playa and 
of up-basin floodplains, with erosional degradation of the dunefields during rare catastrophic floods, 
from the latest Pleistocene to the present. 
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Dome area of the lower Cooper Creek, fluvial deposits have returned TL ages of around 
20 ka (M. Coleman, pers. comm., 2000). The switch, in Lake Lewis basin, from the 
final major phase of dune activation to an ephemeral flood regime was apparently 
abrupt, and episodic fluvial activity has prevailed for the past 18 ka. 
Key episodes in the Quaternary evolution of Lake Lewis basin are tentatively annotated 
with respect to the marine oxygen isotope record in Figure 9.5. A synopsis of the main 
evolutionary phases and processes is shown diagrammatically in Figure 9.6 (a) to (f). 
9.3. PROJECT SUMMARY AND FUTURE WORK 
Project summary 
This thesis documents the results of fieldwork at Lake Lewis and laboratory work 
carried out during the years 1994-2000, and presents interpretations from multi-
disciplinary investigations and analyses. 
Early geologic and tectonic processes in central Australia leading to the development of 
Lake Lewis basin as part of a Cainozoic basin-and-range province have been 
reconstructed. This has been achieved through the use of airborne magnetic and seismic 
data, geophysical soundings and drill-hole data to interpret the main basement structures 
and the depth to basement beneath Cainozoic sediments. The reconstructions have been 
integrated with rheological modelling, based on seismic data from the study area by 
other workers, to elucidate the nature and effects of Cainozoic tectonism that resulted in 
the inception of a 200 m deep basin north of the MacDonnell Ranges. 
Numerous drill-holes and water boreholes have been logged and the stratigraphic data 
have been assembled into cross-sections to present a picture of the Cainozoic basin 
infill. Age constraints, mostly from pollen analysis, and palaeoclimatic information 
from widespread Tertiary basins in the inland have been compiled to provide a frame of 
reference for the influences on and the timing of early phases of sedimentation within 
Lake Lewis basin. High-resolution airborne magnetic data have been interpreted to 
assess the spatial relationship between fundamental structures and depositional 
environments, stratigraphies and landforms. The geomorphology of the study area has 
been mapped in detail from aerial photographs, processed Landsat TM and airborne 
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gamma-ray spectrometric (AGS) imagery. Drilling, installation of piezometers, 
augering, excavation of profiles and pits, sampling of sediments for mineralogical and 
chemical analysis and for optically stimulated luminescence (OSL) dating, sampling of 
groundwater and brine, and precipitation of carbonate from groundwaters for 14C dating 
were also accomplished during the eight months of fieldwork for the project. 'Event 
based' monitoring of the influence of surface waters on both Lake Lewis playa and the 
underlying brine pool was carried out over a 3-4 year period. Drill-core recovered from 
numerous sites across the basin for the present study was analysed, including chemical, 
mineralogical, palaeomagnetic and pore fluid analyses. 
The main Quaternary lacustrine strata have been identified and characterised, namely 
the Anmatyerre Clay, associated with perennial lacustrine conditions of the Early and 
Middle Pleistocene, and the Tilmouth beds comprising distinctive and more 
heterogeneous sediments associated with hydro logic closure of the basin, a trend 
towards a negative hydrologic balance, elevated levels of salinity, groundwater 
influence and variable conditions at the depocentre. A key finding of the study has been 
the identification of the Brunhes-Matuyama polarity reversal (780 ka) at approximately 
9 m depth in the Anmatyerre Clay. This result contrasts greatly with the palaeomagnetic 
record from Lake Amadeus, 250 km to the south, and underscores the more favourable 
catchment characteristics and more efficient runoff at Lake Lewis compared to the Lake 
Amadeus setting. Attempts to date the Tilmouth beds by the OSL method were 
unsuccessful due to the high background radiation inherent in their clay-rich lithology 
and the regional Proterozoic granite province. An indication of the timing of deposition 
of the Tilmouth beds has been extrapolated from analogous lake systems in monsoon-
influenced parts of the inland. The areal extents and configurations of both the 
Anmatyerre and Tilmouth palaeolakes have been reconstructed from Digital Elevation 
Models, field investigations and remotely-sensed data. Palaeohydrologic conditions 
have been circumscribed using basin catchment and lake area parameters for the 
respective palaeolakes. These calculations provide an indication of the magnitude of 
climate change in central Australia during the Quaternary and a basis for understanding 
the factors that have governed sedimentation patterns, sediment character, groundwater 
and brine compositions and the manifestations of diagenetic minerals in the basin. 
The use of AGS imagery has proven beneficial for mapping surface hydro logic patterns 
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and the distribution and provenances of fluvial and aeolian sediments within the basin, 
based on contrasting bedrock lithologies of respective headwater catchments and 
downstream fingerprinting of alluvium in the floodplains. Flu vial sediments deposited 
during the latest Pleistocene and Holocene have been successfully dated using the OSL 
technique. A >95 ka OSL age for a regional linear quartz dune provides a lower age 
limit for a major period of dune building in the basin. 
Significant results from mineralogical analyses of basin sediments are the identification 
of analcime in the Anmatyerre Clay, moganite in silicified calcrete surrounding the 
playa, and alunite in near-surface alluvium. By combining mineralogical information 
and Scanning Electron Microscopy with geochemical and hydrochemical data, field 
relationships and theoretical data, it has been possible to ascertain that zeolitization, 
silicification and alunitisation are present-day active processes at Lake Lewis. These 
diagenetic processes underscore the profound influence of hydro logic closure, elevated 
solute concentrations and high evaporation rates in such an environment. This research 
has resulted in the first detailed investigation of the formation of zeolites in an 
Australian salt lake setting. 
Groundwater data from all bores in the basin have been collected, collated and plotted. 
Representations of the water table configuration, potentiometry, complications between 
aquifer systems, the salinity gradient, major ion distributions, and relative ages of 
groundwaters residing in different sub-environments of the basin have been constructed. 
The findings elucidate the nature of groundwater evolution in Lake Lewis basin through 
time and in terms of the present-day groundwater evolutionary path from the recharge 
zones to the discharge zone. 
Recommendations for future work 
• Reconstructions of the Anmatyerre and Tilmouth palaeolakes in Chapter 5 were 
based mainly on interpretation of remotely sensed data following the end of 
fieldwork for the present project. The interpreted high lake stands were not 
thoroughly 'ground truthed' (apart from the auger hole in Rabbit Hole Gap, 
identifying Early Tilmouth beds at approximately 560 m (ARD), Section 4.3.2). 
Further evidence is required to confirm the reconstructions presented in this thesis. 
Fieldwork at Lake Lewis in future could be directed at seeking evidence, if present, 
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of wave-eroded benches at approximately 560 m and 570 m elevations in bedrock 
slopes adjacent to western fetches of the interpreted palaeolakes (e.g., along Stuart 
Bluff Range), and shingle beaches near these elevations, to attest the proposed 560 
m and 570 m palaeolake stillstand levels for the Anmatyerre and Tilmouth 
lacustrine phases. Exposure dating, by analysis of cosmogenic radioisotopes, 36Cl or 
10Be, of any rock benches of suitable lithologies could be conducted. Unfortunately, 
access is restricted where dunefields are dense, and prohibited, in parts of Native 
Title land - particularly to the west of Lake Lewis - so field investigations towards 
these objectives may, accordingly, be curtailed. The degree of overprinting of the 
palaeolacustrine sediments with calcrete and the depth and extent of blanketing 
cover from aeolian sands and modern floodplain deposits are additional 
impediments to future refinement of the margins ofpalaeolakes at Lake Lewis. 
• Available survey data across Lake Lewis basin is limited to published 1 :250,000 
Australian Survey and Land Information Group (AUSLIG) topographic maps and 
unpublished AUSLIG 1 :100,000 topographic compilation sheets that are based on 
photograrnmetry and sparse surveyed control points. Mapping of the Lake Lewis 
palaeolake areal extent would benefit from more detailed surveying and levelling. 
Given the difficult ground access to parts of the playa and lacustrine plain, airborne 
laser altimetry may be an appropriate application. 
• Definition of Lake Lewis at depth, particularly constraining the thickness of the 
Anmatyerre Clay and the topography of the underlying buried basement could be 
achieved using ground seismic surveying. East-west traverses, orthogonal to the 
BMR deep crustal seismic line, would be beneficial towards reconstructing the 
three-dimensional configuration of both the lacustrine clay beneath the playa and the 
basement architecture. Such traverses could be conducted using All Terrain 
Vehicles across Lake Lewis during drier seasons, and across the dunes of the 
southern and western parts of the lacustrine plain, and by 4 WD vehicles on bore 
tracks elsewhere. 
• A deep drill-hole through Lake Lewis, to basement, would provide a full history of 
the lake's evolution and palaeolacustrine sedimentation. A long, continuous core, or 
a few such cores, could be dated palaeomagnetically by means of thermal 
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demagnetisation techniques (as described in Section 8.2.5 and Appendix 3.2). 
Adjunct analysis of sediment magnetism to further characterise the ferromagnetic 
mineralogy and diagenetic effects on magnetic remanences of fine-grained lake 
sediments could be carried out concurrently on the samples. 
• During drilling to basement beneath Lake Lewis, brine could be sampled at regular 
depth intervals for chemical analysis, and, similarly, pore fluids could be extracted 
from the core for analysis (as described in Appendix A2.2 and Section 6.4.2). 
• Airborne Electromagnetic (AEM) surveying of the playa and its immediate 
surrounds could enable mapping of the brine pool and its spatial relationship with 
fresher, up-gradient groundwater bodies. The highly uniform composition of the 
Anmatyerre Clay - which is assumed to continue beyond the 28 m depth intersected 
in drilling for the present project - is likely to mitigate some of the difficulties 
encountered in modelling saline water bodies in more complex strata from AEM 
data. It can be assumed that the porosity, mineralogy and degrees of saturation of 
the Anmatyerre Clay are uniform and that conductivity differences detected by 
AEM would relate to salt plumes and the distribution of higher and lower salinity 
brines. 
• Brine chemistry data from a deep drill-hole through Lake Lewis could be integrated 
with AEM traverse results to provide a baseline of measured salinity concentrations 
for integration with salinity gradients detected in the geophysical data. Combination 
of brine chemistry and AEM in such as setting would define the vertical salinity 
gradient and salt plume dynamics, and would enable more accurate calculations of 
salt stores in residence beneath Lake Lewis playa than the present data allow 
(Section 6.6). Such work could have wider application in other regions where 
information about the behaviour of saline groundwater bodies and the mobility of 
salt in closed systems is warranted. 
• Aerial surveillance of future major inundations of Lake Lewis and boat traverses for 
depth measurements to map the bathymetry of the lakebed would be more efficient 
than land levelling of the dry lake surface. 
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• An immediate priority is to attempt to obtain a finite TL age for the quartz dune 
sand sample from the Dashwood dunefield that returned an OSL age of>95 ka 
(Sample 95019; Section 8.3). It is postulated, above, from geomorphologic 
relationships, that major dunefield formation pre-dated the Tilmouth palaeolake, and 
may have occurred during either, or both, the MIS 10 or 8 glacial periods. 
Application of the TL method is likely to extend beyond the saturated OSL age and 
may substantiate this proposition or provide an alternative sequence of evolutionary 
events. 
• Compositional analysis and luminescence dating of sediments from the base of the 
megadunes at the western end of the interpreted palaeolakes (Section 5.3) would 
elucidate the nature of these sediments (beach gravels and antecedent foredune 
sands?) and their recent depositional history. Dates for basal sands of the megadunes 
would indicate the timing of the latest development oflongitudinal dune formation 
after the Tilmouth high lake phase. 
• The areal distributions of zeolites and alunite in Lake Lewis basin are not known 
and XRD analysis of sediments from widespread sites from different depositional 
environments and a range of depths is highly recommended. The fact that analcime 
is forming beneath Lake Lewis in neutral pH brines is noteworthy. According to the 
literature on sedimentary zeolitization (Section 7.4), alkaline conditions are regarded 
as most favourable, particularly for analcime formation. On the other hand, 
conventional wisdom regards alunitisation as a diagenetic process that occurs in 
acidic, and commonly highly acidic, environments (Section 7.8). In Lake Lewis 
basin, alunite appears to be forming in neutral pH conditions. The association of 
alunite with secondary silica seems to be common although little has been 
documented about reactions leading to these co-occurring diagenetic minerals. 
Experimental work, coupled with detailed field investigations and mineralogical 
analysis of diverse sediments from near-surface environments in Australia is 
required to elucidate the conditions of both zeolite and alunite formation. 
• The absolute age of both the Early and Late Tilrnouth beds and the discrimination of 
possible discrete phases within the early Tilmouth beds, either by stratigraphic or 
chronologic analysis, should be a high priority for future work. Analysis of 
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microfossil assemblages in the Anmatyerre Clay and Tilmouth beds is highly 
recommended. In particular, analysis of ostracods could provide a salinity range for 
the depositional environments. Analytical procedures for Amino Acid Racemization 
(AAR) have been substantially refined in recent years such that it is now possible to 
obtain AAR age data from very small biogenic carbonate sample sizes. Accordingly, 
AAR analysis of charophyte oogonia from the Anmatyerre Clay, the Tilmouth beds 
and modern playa sediments from Lake Lewis has been proposed as priority work 
for the immediate future. Similarly, uranium-thorium dating of small samples has, in 
recent years, been made possible by Thermal Ionisation Mass Spectrometry (TlMS). 
The possibility of dating CaC03 encrustations on charophyte stems, such as those 
present in the Tilmouth beds, should be explored. 
• TlMS U/Th dating of very small CaC03 samples from the drill-core from the 
calcrete aureole surrounding Lake Lewis (Section 4.4) may provide age constraints 
for major CaC03 precipitation episodes, which, in this thesis have been equated 
with contractional lacustral phases. High levels of contamination from detrital 232Th 
are anticipated for the calcrete although these may be corrected by isochron fitting 
for leachates and residues from individual samples (as described by Stirling et al., 
1995). Open-system behaviour within the calcrete aureole, particularly given the 
uranium-rich composition of ambient groundwaters, is potentially problematic in the 
Lake Lewis setting. The small sample capability of TIMS will allow micro-
sampling of CaC03 that shows no evidence of solution and reprecipitation and that 
are 'sealed' within films of opaline silica. This should mitigate the problem of post-
depositional contamination from the groundwaters (although it is not known 
whether diffusion of ions can occur through layers of opaline and chalcedonic 
silica). Further, if results from other dating techniques such as AAR of samples from 
specific lacustrine strata, such as the Tilmouth beds and the Arunatyerre Clay, are 
available, U/Th data from the calcrete aureole could be compared and correlated 
with age constraints for lacustral phases or intervening periods. 
• Detailed sampling and OSL analysis of aeolian gypsum sand units in the Cliff and 
Dingo island sequences would provide a refinement of the work of Chen et al. 
(1995). Additional strata, between those sampled by Chen et al. (1995), and the 
application of the OSL technique, should give more precise ages, than the TL 
technique, and better constrain the age of processes at Lake Lewis over the last 100 
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ka. If the interspersed gypcrete layers represent climatic conditions that were 
different from those associated with antecedent aeolian phases, high resolution OSL 
dates from the intervening aeolian gypsum sand units could provide valuable 
detailed information about the periodicity of climate changes at the close of MIS 5 
and during MIS 3. 
• Sulphur isotope analysis of Lake Lewis playa gypsum, groundwaters and bedrock -
e.g., from the layered mafic intrusion at Redbank Hill and the Bitter Springs 
FoJ,111ation in Mereenie Valley, Section 2.2 - would fingerprint sources of sulphate 
in the system as local or external (airborne dust or solute in rainfall). 8 34S values of 
gypsum from Lake Lewis would also complement the database of Chivas et al. 
(1991) for Australian salt lakes. 
• More research on the evolution of the playa islands, the pedestals in particular, and 
the composition of playa-fringing terraces is warranted. For example, material has 
been deflated from the now-excavated Anmatyerre Clay and Tilmouth beds surfaces 
in the depocentre. The repository of this material, in the downwind near-surface 
environment is not known. Deflated material may have been accreted onto 
constructional landforms west of Lake Lewis, where access is difficult and where 
aeolian sand cover is most dense, so the clay deposits are not readily recognised in 
the landscape. Further, the proposed mechanism of Chen et al. (199la) for 
displacive gypsum crystallised in beach zones as a likely source for the aeolian 
gypsum sands that now make-up the playa islands, is worthy of further 
investigation. The spatial relationships between aeolian gypsum sand deposits, in 
playa islands and shoreline dunes, and provenance areas requires examination. If 
groundwater seepage zones along beaches are the gypsum source areas, the 
disposition and areal extents of these gypsum-producing zones relative to the 
aeolian repository sites and the intervening lake fetches needs to be mapped and 
studied. The paucity of playa-marginal gypseous dunes, in comparison with Lake 
Amadeus (Chen et al., 1991a; 1993), suggests that such a mechanism must have 
operated differently at Lake Lewis. 
• Luminescence dating of fluvial sediments in the interpreted palaeoriver channel that 
links Lake Bennett and Lake Mackay (Section 5.5) may indicate the times of 
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positive hydrologic balance in central Australia and of associated overflow 
conditions in the lakes to the east. Age constraints for river sedimentation may serve 
as proxy dates for palaeolake phases, given that shoreline ridges associated with the 
lakes are now severely disrupted and the fact that lacustrine clay from the playa 
floors has proven to be unsuitable for the luminescence technique (Section 8.3). 
• Lakes N galia and Bennett, west of Lake Lewis, have not been studied to date. The 
extents of antecedent palaeolakes and the degree of interconnectedness of these 
hydrologic systems is not known. Salinity levels, for instance, are much higher in 
brines in lakes Bennett and Ngalia compared to Lake Lewis (Section 6.4) because 
no major creeks feed dilute waters into the western lakes and, for the same reason, 
the playa crusts are more highly developed and less frequently subject to inundation, 
solution and reflux processes. Impediments to recommended work at these playas 
are presented by obscuring dense dunefields, particularly around Lake Bennett, 
which is 10 m lower than Lake Lewis. Lakes Ngalia and Mackay are on Aboriginal 
Land, where access to sites of special cultural significance is restricted, so there may 
be limitations to research endeavours in parts of this region. Lake Bennett is located 
on a pastoral lease where access may be easier than elsewhere west of Lake Lewis. 
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Appendix 1. GEOPHYSICS and DRILLING 
Al.1. GEOPHYSICS 
Five sites in Lake Lewis basin were selected for geophysical soundings to establish the 
depth to basement beneath Cainozoic infill for the present study: Bullocky Bore, 
Thelma Bore, Paddys Bore, Bloodwood Bore and Mt Chapple Bore (Fig. 2.8). The 
survey was under the direction ofM. Jamieson and interpretation of the data was done 
by T. Calvert, carried out in 1996 as part ofregional geophysical surveys by the NT 
Department of Lands, Planning and Environment. The geophysical methods were 
calibrated at Bullocky Bore (RNl 6465) where the depth to granitic basement, at 50 m, 
is logged in the borehole drilling record. 
Two electromagnetic survey methods were used at each site: Transient electromagnetic 
method (TEM) and Vertical electrical sounding (VES). Plots of the data for each site are 
presented in Figure Al. I. The TEM surveying method for depth soundings uses a 
transmitted train of pulses rather than a continuous wave-form as the source signal. It is 
a 'time-domain' method in which the reference framework for measurements of the 
transmitted wave form is related to time ('transient') rather than to frequency. 
Measurement is of the rate of decay of waning eddy currents after each transmitted 
pulse which enables estimation of the conductivity of underlying strata. The x-axis on 
the resultant plots represents time, plotted against apparent resistivity (as a log-log 
graph). 
VES is a method for producing information about the subsurface by measuring the 
'apparent resistivity' at increasing electrode spaces. The method is used for the study of 
horizontal or sub-horizontal interfaces and enables definition of overburden thiclmesses 
and zones of porous strata. The spacing of the current electrodes or coils is maintained 
at the same relative spacing and the whole spread is progressively expanded about a 
fixed central point (Plate A 1.1 ). As the electrode separation is gradually increased, 
information about increasing depths below the surface station is obtained. Apparent 
resistivity data are recorded on a log-log plot as a function of their respective current-
electrode separation against apparent resistivity (Fig. Al .1 ). 
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Al.2 DRILLING 
Drilling in Lake Lewis basin for the present study was carried out by D. Kelleher, ANU, 
using a truck-mounted Edson 360 Versdrill top drive rotary rig. Conventional hollow 
augers were used at the East Lewis and Lake Waudby sites to recover continuous core, 
12 m and 15.8 metres long, respectively. Solid augers were then used to probe a further 
12.2 metres (15.8 - 28 m interval) at the latter site, with samples recovered from the 
auger flights (Plate Al .2). Wireline diamond core barrels were used at the Titra and 
Wilkie sites in the silicified calcrete ground and in the indurated Napperby Delta 
sediments. Solid augers were used for probe sites, at Haast Bluff, Bottom Bore claypan 
and Thelma Bore dune along Derwent Creek, and the Glen Helen sites along Dashwood 
Creek. 
After core extraction from the East Lewis drilling site, the drill-hole was utilised as a 
piezometer by installing a 12 m long PVC pipe (Plate A2.1 ). Three additional 
piezometers at 6, 3 and 1.2 m depths were installed at the site adjacent to the 12 m 
piezometer. Slots near the base of each piezometer accessed brines from respective 
depths in the brine pool. The base of the piezometers were covered with fine nylon 
mesh to exclude particulate matter. 
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Figure A 1. 1. Transient electromagnetic 
method (TEM) and Vertical electrical 
sounding (YES) measurements for depth 
to basement at five sites across the south 
of Lake Lewis basin for the present 
study; localities shown in Figure 2.8. 
Unpublished data from T. Calvert 
(written comm., 1997). 

Plate A I .1. Taking VES geophysical measurements at increasing electrode 
spacings for depth to basement, near Bullocky Bore, Derwent Creek, where 
bedrock is at 48-50 m below the ground surface; Haast Bluff in the background. 
GR GLEN HELEN 204417. 
Al.4 
Plate A I .2. Drilling to 
28 m depth through 
Anmatyerre Clay, Lake 
Waudby; drill-hole 
location shown in 
Figure 4.3. GR 
MOUNT WEDGE 

Appendix 2. LABORATORY METHODS 
A2.1. XRF, XRD and SEM analyses 
Samples oflacustrine sediment were taken at selected intervals along the 12 metres of 
the East Lewis core for chemical and mineralogical analysis. Sediment samples were 
also taken directly from excavated faces of Cliff and Dingo islands. Samples from two 
of seven shallow pits in the playa, Pit No. 1 (Fig. 3.3) and Pit No. 4 (Fig. 3.16) and the 
Napperby Delta core were selected for mineralogical analysis. All samples from the 
playa environment were desalinated prior to analysis to remove post-depositional brines 
by centrifuging in deionised water until the electrical conductivity of the supernatant 
was reduced to <0.3 mS/cm; the samples were then air dried. Twenty samples of 
silicified calcrete, 10 each from the Titra and Wilkie cores, were selected for chemical 
analysis to investigate the heterogeneity of this material. Micro-sampling of indurated 
samples was done with a dental drill where necessary. 
Sub-samples for X-ray Fluorescence (XRF) analysis were milled in a tungsten carbide 
ring mill. Abundances of major and minor elements were determined at the AGSO 
Geochemistry Laboratory by wavelength-dispersive XRF on fused disks using methods 
similar to those ofNorrish and Hutton (1969). Loss on Ignition (LOI) was determined 
by gravimetry after combustion at 1100° C. 
X-ray powder diffraction (XRD) samples were prepared in accordance with guidelines 
of Moore and Reynolds (1989). Bulk sediment samples were ground in an agate mortar 
and pestle to <10 µm. Selected samples for semi-quantitative XRD analysis were spiked 
with 20% zinc oxide (ZnO). Clay separates were prepared from bulk sediment samples 
by ultrasonic disaggregation, disp·ersion, suspension and then settling to extract the <2 
µm portion. The clay :fraction was filtered to produce a clay cake that was impregnated 
with MgClz solution and then analysed. Further treatment steps involved ethylene 
glycol-solvation and heating, interspersed with XRD analysis, for the determination of 
smectite clays. Additional <2 µm clay sub-samples were treated with BaCl solution for 
XRF analysis to determine cation exchange capacities (CECs) of the clay mineral 
assemblages. Calcium carbonate was removed from samples of silicified calcrete with 
dilute HCl acid prior to XRD analysis of silica species. XRD analysis was done in the 
Geology Department, the Australian National University, on a Siemens D501, 8-28 
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powder diffractometer using CuKa radiation and a graphite post-sample 
monochronomator, collimated by 1° slits. Bulk samples were scanned from 2-70° at 
steps 0.02° and a 1.0°/min counting time. Clay fractions were scanned in the 28 angle 
range 2-42° and the presence of swelling clay minerals, smectites, was identified by 
expansion and contraction of the low-angle spectra (Fig. A2. l ). 
Diffraction peaks for the bulk sediment samples were analysed after removal of 
background components from the XRD (Fig. A2.2) and minerals were identified by 
manual selection and by theµ PDSM (micron Powder Diffraction Search Match, Fein 
Marquart Associates, Baltimore) automatic XRD trace processing and mineral 
identification program. Quantitative XRD results of selected bulk sediment samples 
were determined using the SIROQUANT™ (Sietronics Pty. Ltd., Canberra) analysis 
software (Taylor, 1991; Taylor and Clapp, 1992). SIROQUANT is a Reitveld-type 
multiphase analysis program that replicates a measured diffraction pattern by employing 
a least-squares fitting routine. Scaling factors are adjusted until the calculated profile 
best approximates the measured one. The degree of fit of the two patterns, the measured 
one and the calculated one, can then be determined using the x2 (chi-squared) statistical 
parameter. The internal standard - 20% ZnO in the present study- is essential for 
quantifying the amount of amorphous or poorly-diffracting material in a sample (Fig. 
A2.3). 
Optical microscopy was used to examine the compositions and textures of silicified 
calcrete and Napperby Delta sediments. The lacustrine clays were not petrographically 
resolvable by optical microscopy. Scanning electron microscopy was used to investigate 
both the Anmatyerre Clay sediment and silicified calcrete. Unprocessed chips of 
silicified calcrete and desalinated clay samples were coated with 50 A of carbon or 100-
200 A of gold. Samples were analysed on a Cambridge S360 Scanning Electron 
Microscope with a Tracor Northern Energy Dispersive X-ray analysis system (EDAX), 
at the Electron Microscopy Unit, the Australian National University. 
A2.2. Pore fluid salinity 
Sediment samples were taken from each 0.5 m barrel length of the 12 m East Lewis 
core for pore fluid extraction. Samples were sealed in plastic to prevent dehydration of 
interstitial brine. Pore fluids were extracted by compressing samples in a hydraulic press 
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Figure A2. l. X-ray diffraction patterns for <2 um clay sample of Anmatyerre Clay 
palaeolacustrine sediment from Cliff Island pedestal (Sample 99002b). Respective spectra 
for 2-12° 28 are shown: air dried Mg-saturated sample; ethylene glycol solvated; and 
heated (350°C), as labelled, to illustrate the change in value and position at 5-7° 29 (15-
17 A) on glycolation (expansion: shift to lower angle, higher d-spacing) and subsequent 
heating (collapse to 1 OA) to identify the presence of smectite clays. The Cation Exchange 
Capacity (CEC) of the sample is high, 62.6 meq/ 100 g. Both the Tilmouth beds and 
underlying Arunatyerre Clay above the water table contain smectites, however, smectite is 
absent from contiguous Anmatyerre Clay below the water table. 
ambient background 
Degrees 2 0 
Figure A2.2. Background components associated with amorphous poorly-diffracting 
material (PDM) in an XRD pattern (after Eggleton, 1999). 
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Figure A2.3. SIROQUANT output showing the measured (background removed, see Fig. 
A2.2), calculated and difference XRD patterns for Anmatyerre Clay bulk sediment (sample 
from 420 cm depth, East Lewis core: EL0420). The content of poorly-diffracting material 
(PDM) was quantified by adding 20 wt% ZnO to the sample. 16.4 wt% PDM must be 
present to account for the discrepancy between the known quantity of ZnO and that 
calculated. 
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at 35 000 kPa (5000 psi) pressure with the resultant effluent siphoned directly into a 
capped 2 mL syringe. After filtering (0.45 µm disposable filter) a 200 µL aliquot was 
sampled by pipette. Salinity (Total Dissolved Solids, TDS) measurements were made by 
optical refractometry. 
A2.3. Water chemistry 
Groundwaters were sampled from water bores across the basin and at the ANU Titra 
drill-hole. Prior to sampling, the bores were pumped for up to an hour - or, in the case 
of bores fitted only with windmills, were sampled during windy conditions - to expel 
water in the casings that would have equilibrated with the atmosphere, to ensure that 
representative aquifer water was sampled (Plate A2.2). The four piezometers at the East 
Lewis site were initially emptied using either a bailer or a submersible bilge pump and 
allowed to refill, and the newly infiltrated brine was sampled for analysis. Brine 
samples were additionally taken directly from the water table in five of the scattered 
shallow pits in the playa, Figures 3.3 and 3.16, whilst Pit No. 3 brine at Napperby Delta 
was too muddy for filtering. Water temperature and pH were measured in the field. The 
samples were filtered through 0.45 µm filters, refrigerated and air freighted for 
laboratory analysis. Dissolved elements were analysed by the Water Chemistry 
Laboratory, NT Department of Lands, Planning and Environment, Darwin, and the 
Groundwater Analytical Chemistry Laboratory, Australian Geological Survey 
Organisation, using standard methods for water analysis (American Public Health 
Association, 1992). Interlaboratory comparisons exhibit acceptable agreement for all 
elements. Additional groundwater data was collected from water bore logs housed at the 
Natural Resources Division Branch of the NT Department of Lands, Planning and 
Environment. Data for groundwater and brine samples collected for the present study 
are presented in Tables 6.1 to 6.5, and data collected from unpublished water bore logs 
are given in Appendix 4; Tables A4.1 and A4.2. 
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Plate A2. l. Installing a 12 
m long piezometer into 
the East Lewis drill-hole 
for sampling brines 
beneath the playa; site 
location shown in Figure 
3.3. GR NAPPERBY 
246463. 
Plate A2.2. Collecting 
aquifer water from a 
windmill outlet pipe for 
water chemistry and 
radiocarbon analysis. At 
each site one litre of water 
was collected for major 
ion determinations and 
120 litres for precipitation 
of barium carbonate in 
barrels for radiocarbon 
analysis. Kiwi bore on the 
alluvial plain, 
Narwietooma Station; the 
turkeys nest dam is 
surrounded by large mulga 
(Acacia aneura) and 
whitewood (Atalaya 
hemiglauca) trees. GR 
NARWIETOOMA 
260439. 

Appendix 3. CHRONOLOGIC METHODS 
Appendix 3.1. GROUNDWATER DATING TECHNIQUES 
A3.1.1. Radiocarbon dating 
Fundamental principles of 14C dating of groundwater for the Lake Lewis study are 
drawn largely from Fontes and Gamier (1979) and Mazor (1991). 14C originates in the 
upper atmosphere through cosmic ray reactions with nitrogen nuclei and enters the 
global carbon cycle. 14C in groundwaters is derived from solution of carbon dioxide in 
the soil zone, where biogenic interaction is important. 14C activity is generally near 100 
percent modem carbon (pMC) although atomic bomb testing a few decades ago 
increased the global atmospheric 14C concentrations. Once rain water percolates through 
the soil profile from the vadose to the phreatic zone its 14C is isolated and begins to 
decay. 
A basic premise for 14C dating of groundwaters is that the sampled aquifers are 
confined, otherwise age determinations are likely to reflect diffusion from the 
atmosphere or vadose zone. 14C dating of groundwater differs from conventional 14C 
dating, of charcoal in sediments for instance (outlined in Section A3.5), because 
dissolved carbon in groundwater may contain additions from solid carbonates within the 
soil and aquifer environment. Further complications can arise from mixing between 
recharge waters and resident groundwaters producing an 'averaged' 14C activity. The 
stable isotope composition of carbon species, 8 13C, in the water may be a guide to the 
proportions of meteoric and carbonate sources. 
The groundwater sampling procedure used for the Lake Lewis basin study was based on 
that of P. Thorpe, Geological Survey of WA (written communication, 1995; Thorpe and 
Davidson, 1990; Thorpe, 1994) and the Centre for Groundwater Studies course notes 
(1996). Samples were taken from bores after pumps had ran for one hour, or, where 
only windmills are installed, sampling was done on windy days, to ensure that stagnant 
water was expelled from casings; 120 litres of aquifer water were collected from each 
site (Plate A2.2). During sampling, precautions were taken to trap all dissolved C02 gas 
in the groundwater and prevent contamination from atmospheric C02. Flocculation and 
precipitation of carbonate was aided by addition of ferrous sulphate (FeS04) . 
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Carbonate-free sodium hydroxide (NaOH) was added to elevate the pH to >8.5 to 
convert bicarbonate to carbonate. Barium chloride solution (BaCl) was added for the 
formation of barium carbonate (BaC03). After settling in sealed barrels overnight, the 
precipitated carbonate was separated from the supernatant and 5 litre jars of the 
concentrated BaC03 slurry for each sample were dispatched for analysis. 
Laboratory analysis was carried out at the Research School of Earth Sciences, 
Australian National University by A. Alimanovic. The BaC03 precipitate was converted 
to C02 with HCl, which was then converted to benzene for liquid scintillation 
measurement of 14C, following the methods of Gupta and Polach ( 1985). o 13C was 
determined by S. Robertson, RSES, by mass spectrometry. Groundwater 14C and 8 13C 
data are presented in Table 6.8. 
A3.1.2. Chlorine-36 analysis 
Radiochlorine, 36Cl, systematics are described by Bentley et al. (1986a), and recent 
Australian investigations and applications are reported by Bentley et al. (1986b), Bird et 
al. (1991), Chivas et al. (1996; 1988), Keywood et al. (1997; 1998), and Cresswell et al. 
(1999) from which the following background information is sourced. Radiochlorine is 
an unstable isotope of atmospheric origin that comes mostly from spallation of40Ar by 
high-energy protons and adsorption of neutrons by 36 Ar. There is a strong latitudinal 
dependence for atmospheric production of 36Cl, with the greatest fallout at mid-
latitudes. Chlorine-36 is also produced by cosmic-ray interaction with surface rocks and 
is additionally generated in the deep sub-surface although the latter source is low-level 
and roughly constant. Nuclear weapons tests conducted in recent decades produced 
large quantities of 36Cl and the resulting 'bomb pulse' fallout is sometimes registered in 
groundwater 36CI analyses. 
Early research on, and measurements of, 36Cl production rates pertained to the northern 
hemisphere and only recently has work been undertaken to measure the magnitude of, 
latitudinal dependence of, and seasonal variations in 36Cl fallout in the southern 
hemisphere for the purpose its application to Australian environmental investigations 
(e.g., Chivas et al., 1988; Bird et al., 1991; Keywood et al., 1997; 1998). A mean fallout 
of 36Cl of 15.4 atoms m-2s-1 has been estimated for Australia - three times lower than 
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that measured in the northern hemisphere but comparable to that from Antarctic ice core 
- with strong seasonal dependence expressed across the continent (Keywood, 1998). 
The 36Cl/stable Cl ratio can vary from a background value of a few parts in 10-15 to a 
few hundred parts in 10-15 of total chloride for an inherited 'bomb spike'. Stable 
chloride, 35Cl, is derived from sea-spray and terrestrial salts. The concentration of 35Cl 
across Australia shows an exponential decay with distance from oceanic influences and 
the 36Cl/stable Cl ratio of rain- and surface-waters increases across the continent as the 
effect of sea-spray progressively diminishes away from coastlines (Chivas et al., 1988; 
Keywood et al., 1997; 1998). The 36Cl/Cl ratio of oceanic water is low, <1 x 10-15 
(Chivas et al., 1988). Near Ti Tree, central Australia, 125 km northeast of Lake Lewis 
(Fig. 1.2), the mean 36Cl/Cl ratio for rainfall measured for two years, 1992-1994, was 
325 x 10-15 (Keywood et al., 1998). Low values of 36Cl/Cl can result from dilution by 
remobilised salt in the sub-surface. Age estimates from 36Cl and stable Cl data are based 
on various assumptions about 36Cl sources and production rates, and calculations are 
made using a standard decay equation. In full-scale groundwater dating programs 
involving numerous samples along a flow-path, 36Cl/Cl ratios are plotted against 
chloride concentrations (mgL-1) to elucidate the main processes involved: radioactive 
decay, sorption, evaporation, and mixing of rainwater with local salts, since the 
dominance of a process may be identified through the different effects on total chloride 
and the isotope ratio. 
Brine from the 12 m deep East Lewis piezometer and halite-bearing playa crust from the 
southeastern arm of the playa were sampled for 36Cl analysis. Pre-treatment and sample 
preparation was done by E. Laing, AGSO. The salt crust sample was initially dissolved 
in Milli-Q ®grade water; 250 ml samples of the solution and the playa brine were 
precipitated as silver chloride (AgCl) by addition of silver nitrate (AgN03) at acid pH. 
In order to remove so/- from the samples to minimise 36S interference during 36Cl 
measurements, the AgCl precipitates were redissolved in NH3 and BaN03 was added to 
precipitate BaS04 which was then removed by centrifugation. The purified AgCl was 
then reprecipitated from the supernatant. The precipitate was dried to reduce water 
content and pressed into silver bromide masks in copper holders. The 36Cl/Cl ratio was 
determined by accelerator mass spectrometry (AMS) by R. Cresswell using the 14UD 
tandem AMS at the Australian National University according to the methodology of 
Fifield et al. (1987). The tandem AMS allows measurement on samples of a few 
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milligrams of chloride oflow levels of 36Cl as parts in 1015 of total chloride (i.e., 
36Cl/stable Cl x 10·15 nuclide ratios). Chlorine-36 data are given in Table 6.9. 
Appendix 3.2. PALEOMAGNETIC DATING 
A3.2.1. Definitions and units of measurement 
Palaeomagnetic analytical work for the Lake Lewis study was carried out at the Black 
Mountain Laboratory, a joint ANU - AGSO facility in Canberra. Laboratory analysis 
was carried out under the guidance of J. Giddings, U. Rokvic and B. Pillans. 
Magnetic susceptibility (x) is regarded as the magnetisability of a sediment or rock and 
is a dimensionless attribute or propensity. Susceptibilities of the Lake Lewis basin 
samples were measured on a Digico Susceptibility Bridge in x 10·3 SI units per sample 
volume. 
Magnetic intensity, or magnetisation, M, of a material is measured in milli-ampere per 
metre (mA/m) and is related to both the magnetic field and the unit volume of the 
sample, e.g., 6.8 cm3 for plastic cubes of sampled Lake Lewis sediment (1 mA/m = 10-6 
emu.cm·\ An M value of around 1.0 mA/m is typical for non-marine siltstone whereas 
M for granite may be two orders of magnitude greater, and three orders of magnitude 
greater for basalt (Butler, 1992). The magnetic moment (M/Mo) is the vector quantity 
that is characteristic of a magnetised body, or, in the present case, of cubes of sampled 
sediment. M/Mo is proportional to the magnetic field intensity. M/Mo is used on the y-
axis of magnetic intensity plots, described below, where the initial total magnetic 
moment of each sample is 100% M/Mo and this decreases with progressive 
demagnetisation treatment. 
Magnetic fields generated by laboratory electromagnets are measured in Oersteds (Oe) 
whilst the fundamental unit of either magnetic induction or magnetisation is the Tesla 
(T) or milli-Tesla ( m T). One m T converts to 10 Oe. 
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A3.2.2. NRM Measurement 
Natural Remanent Magnetism (NRM) laboratory measurements were made on the 
Superconducting Technology (ScT) Cl 02 cryogenic magnetometer; the ScT in Black 
Mountain Laboratory has a 25-year record of highly reliable NRM measurements. The 
cryogenic magnetometer uses a magnetic field sensor called a SQUID (Superconducting 
QUantum Interference Device). Samples are placed near the SQUID which measures 
the magnetic moment with respect to the specimen coordinate axes x, y , z. 
The geographic direction ofNRM, expressed as inclination angles, and, where 
available, declination angles, is determined from the measured quantities of the sample: 
orientation, volume and the components of magnetic moment in sample coordinates, x, 
y and z. Vectors generated for NRM measurements of samples represent primary and 
secondary components ofNRM. 
A3.2.3. Demagnetisation 
Alternating Field (AF) demagnetisation exposes samples to an alternating magnetic 
field in a tumbling apparatus that rotates the sample to present all axes to a 
demagnetising coil. Samples are sequentially demagnetised at progressively higher 
levels, with NRM measurements taken between each step. The technique erases NRM 
carried by ferromagnetic grains with coercivities less than the peak demagnetising field 
applied. Low-stability components are easily demagnetised and high-stability 
components are removed only at high levels of demagnetisation. AF demagnetisation 
was done on a Schonstedt GSD5 Tumbler Demagnetiser, used in conjunction with the 
ScT cryogenic magnetometer for NRM measurements after each AF step. At a later 
stage in the course of the Lake Lewis research, a semi-automated 2G Enterprises-600 
AF Demagnetiser was adapted to accommodate cubes of sediment samples - rather than 
exclusively cylindrical hard rock samples - and this apparatus was subsequently 
utilised, along with its in-line 2G-760R cryogenic magnetometer for demagnetisation 
and NRM measurements. The advantages of the 2G AF Demagnetiser are the extended 
AF range that can be applied, more accurate and stable orientation of the sample axes 
relative to the demagnetising coils, and semi-automation afforded by the in-line 
magnetometer. 
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Thermal demagnetisation involves heating the samples at progressively higher 
temperatures to erase the NRM of constituent ferromagnetic grains at their respective 
Curie or Neel temperatures (Tc or TN). A Schonstedt TSD 1 Thermal Demagnetiser was 
used to heat samples, for 40 minutes at each step. Samples were cooled in a zero 
magnetic field for 20 minutes after each step and NRM measurements were then 
determined on the ScT cryogenic magnetometer. Because the plastic cubes can not be 
heated above 100°C, thermal demagnetisation was applied only to samples that could be 
extracted from their cubes without disintegrating. 
East Lewis (EL) drill core samples were demagnetised on the 2G demagnetiser at AF 0 
(initial NRM), 2.5, 3, 5, 7.5, 10, 12.5, 15, 17.5, 20, 25, 30, 40, 50, 70, 90, 110, 130 and 
160 mT increments. Analysis and interpretation of the data from this demagnetisation 
series indicated that, in many instances, the samples had not demagnetised to their 
characteristic remanent magnetism (ChRM) and that the high-stability ("hard") 
component extant in the sediments was not always tractable by AF means. Additional 
treatment by thermal demagnetisation was carried out on selected EL samples, 
particularly those from depths where the AF treatment intimated polarity changes in the 
NRM. Precursory NRM measurements and initial thermal demagnetisation steps at 50° 
and 100°C were aimed at stripping VRM acquired by the samples in the period between 
the AF and thermal treatment phases. 
Thermal demagnetisation steps were applied to selected EL samples at 150°, 300°, 500°, 
620° and 680°C increments. The 100° and 150° steps were aimed specifically at 
bracketing the -120° (TN) for goethite to identify its presence or absence in the 
sediments since goethite cannot be isolated by AF means. The higher temperature steps 
were aimed at identifying hrematite as the hard component - or as one of the hard 
components - by heating samples to the -675°C TN for hrematite, and to isolate the 
ChRM as fully as possible. The very fine grain size of the lacustrine sediment samples 
predicates that the constituent ferromagnetic minerals may demagnetise at temperatures 
lower than the Curie Points for each respective mineral (i.e., possibly lower than 350°C 
for maghemite, 580°C for magnetite and 675°C (or hrematite). Samples that proved too 
magnetically weak for reliable measurements were discarded early in the procedure. 
The physical integrity of each sample was an additional problem because tumbling and 
rotation of samples in the AF fields and at high temperatures in the demagnetising 
furnace conunonly resulted in fragmentation of the sediment blocks such that no further 
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orientated measurements could be made on damaged samples. In some cases, new 
samples were extracted from the EL core to replace damaged samples or to 
experimentally apply only thermal demagnetisation treatment without AF 
demagnetisation steps for comparative purposes. The EL samples received up to 17 AF 
demagnetisation steps and/or 6 thermal demagnetisation steps. A total of 622 
determinations were made on the EL sample suite of 41 sample (Ave. 15 measurements 
per sample). 
Lake Waudby (L W) drill core samples (n = 29) and Causeway Bluff (CB) profile 
samples (n = 30) were initially partially demagnetised at between 7 and 14 AF steps in 
the range AF2.5 to 60 mT fields on the Schonstedt AF Tumbler Demagnetiser. NRM 
measurements for the samples following this demagnetisation sequence to AF60 mT 
revealed erratic data for many of the samples. The measurements also indicated that a 
large number had not been fully demagnetised to their ChRM. Additional AF 
demagnetisation steps were subsequently carried out on the L W samples using the 2G 
AF demagnetiser to increase the range of fields to: AF70, 90, 110, 130 and 150 mT. The 
latter series of demagnetisation steps were preceded by NRM measurements and 
exposure to an AF50 field in order to strip viscous remanent magnetism (VRM) that the 
samples may have latterly acquired in the intervening period between the earlier and 
later sets of demagnetisation treatments. The LW samples received up to 19 AF steps 
and no thermal demagnetisation treatment. A total of 369 determinations were made on 
the suite ofLW samples (Ave. 13 measurements per sample). 
Supplementary thermal treatment was applied to the CB samples, which had been 
initially partially demagnetised to AF 60 mT, in order to demagnetise the hrematite 
component. Initial palaeomagnetic investigation of the suites of Lake Lewis basin 
sediments, combined with accumulating corroborating lines of evidence, indicated that 
the whole Causeway Bluff profile must have formed during the Brunhes Normal Chron. 
Therefore, much of the demagnetisation work on the CB samples was aimed at refining 
the normal ChRM signature rather than endeavouring to reveal possible obscured 
reversed polarity components. The thermal analyses were also aimed at ascertaining the 
constituent ferromagnetic mineralogy, for example, the likelihood that the grey-green 
colouration of the basal Tilmouth beds being goethitic. Thermal treatment of the CB 
samples was commonly curtailed by the friability of the sediments and the difficulty in 
extracting the samples intact from the plastic cubes prior to placing them in the furnace. 
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Fifteen of the 30 specimens were treated at 100°, 150°, 300°, 500°, 620° and 680°C 
increments, receiving up to a total of 18 demagnetisation steps, including the 
preliminary AF steps. A total of 429 determinations were made on the suite of CB 
samples (Ave. 14 measurements per sample). 
A3.2.4. Plotting 
Various plotting programs for the magnetic data were utilised to aid interpretation of the 
magnetostratigraphy for the Lake Lewis study. Demagnetisation data were displayed 
graphically to represent progressive changes in both the magnitude and direction of 
NRM. The plots were generated from the PALSYS palaeomagnetic software program 
of Giddings (in prep.). For each of the 100 samples in the present study, the data was 
plotted as: 
• Intensity change curves: These plot the changes of intensity of magnetisation as% 
M/Mo with incorporated histograms to show the decay of magnetic intensity with 
each demagnetisation step. 
• Stereonets: Stereographic projections of the directions of NRM for each 
demagnetisation level, with appropriate symbols for negative (normal) and positive 
(reversed) inclinations. The three-dimensional information is plotted with 
declination measured around the perimeter of the projection, clockwise from north; 
inclination is measured from 0° at the perimeter of the projection to± 90° at the 
centre. 
• Orthogonal vector plots, or Zijderveld diagrams: These plots combine the direction 
and intensity information for each demagnetisation step on a single diagram for each 
sample. The X or Y vector is plotted against Z for the NRM measurements for each 
step in the demagnetisation process. These are vector component diagrams with the 
vectors plotted onto two orthogonal planes, with the data decomposed into 
azimuthal north (N/S) and east (E/W) directions and the vertical (Down/Up = Z) 
components. The intersection of these axes on the orthogonal plots is termed the 
'origin'. Individual trends are plotted for azimuthal and inclination data, with colour-
coding or symbols designating the respective, XIY and either Z/X or Z!Y trends. 
The distance of each data point from the origin is proportional to the intensity of the 
NRM vector. Azimuthal (declination) information is not constrained in vertical drill-
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core so only inclination data is interpreted for the present study. Examples of 
Zijderveld diagrams for the Lake Lewis samples are shown in Figure 8.3. 
A3.2.5. Principal Component Analysis 
Principal Component Analysis (PCA) mathematically determines the best-fit line 
through often-scattered trajectories of demagnetisation data points. PCA enables 
reduction of the many-stepped demagnetisation sequence down to a couple or a few 
main trends and provides mean inclination and declination statistics for the 
mathematically determined vectors. 
In the PCA program (Giddings, in prep.), linear elements for the Lake Lewis samples 
were interactively analysed and grouped. Analysis of the orthogonal plots was aided by 
colour-coding of the discrete axes for azimuthal (XIY) data and inclination (Z/X or Z!Y) 
data. Analysis involved identification of linear and planar features in demagnetisations 
for each individual sample. Aberrant directions were selectively excluded. In the case of 
some of the Lake Lewis samples where various demagnetisation procedures were 
carried out at different times and intermediary demagnetisation steps were applied 
specifically to erase recently acquired VRM between treatment sequences, data points 
pertaining to these particular demagnetisation steps were excluded from analysis. 
The PCA program calculates a maximum angle of deviation (MAD) which provides a 
quantitative measure of the precision, in the range 0-50°, with which the best-fit line for 
progressive demagnetisation data is determined. Vectors are also defined by their 
linearity, with 1.0 =linear. Low MAD angles, <10°, provide a measure ofreliability for 
interpretation of samples for polarity information. Both MAD and Linearity are 
included in Tables A3 .1, A3.2 and A3 .3, below. 
Interpretation of the Lake Lewis data was based on the three types of plots - with 
demagnetisation curves and Zijderveld plots proving the most useful - and on the main 
components identified from the PCA analysis. In the latter, directions for low stability 
components, secondary CRM overprints in particular, were identified from analysis of 
line segments distant from and not directed towards the origin and, once identified, were 
excluded from further interpretation with respect to ChRM. High stability components 
- those removed at the highest demagnetisation levels - are taken to best represent 
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the ChRM (or primary NRM), particularly those represented by data point trends that 
directly approach or intersect with the origin on the plots. The ChRM trend was used to 
interpret the disposition of the sediments at the time of deposition, i.e., for designation 
of polarity for the sediments. 
Prior to the development of PCA programs for analysis and interpretation of 
palaeomagnetic data, the convention has been to choose a single demagnetisation level 
to best represent ChRM. For example, Chen and Barton (1991) selected AF and thermal 
demagnetisation steps corresponding to approximately half the initial NRM intensity, 
typically around 200 Oe (20 mT) and 100°C, as the "characteristic direction of 
magnetisation" for Lake Amadeus sediments; they also assigned 'reliability ratings' to 
the plotted information to weigh the results for interpretation. In work at Lake 
Buchanan, Queensland, Chivas et al. (1986), interpreted the stable magnetic 
components directly from Zijderveld plots, distinguishing end-points at between 100 
and 300 Oe (10-30 mT) although the data was widely scattered and the secondary 
component of magnetisation was commonly incompletely removed. Chivas et al. (1986) 
also used arbitrary median destructive fields (MDF = the field at which half the 
magnetisation is destroyed) although the generally low MDF implicate poor magnetic 
stability and unreliable polarity definition. An Zhisheng et al. (1986) interpreted 
palaeomagnetic polarities directly from Zijderveld plots for their work at Lake 
Bungunnia in the Murray Basin. Use of principal components analysis of 
palaeomagnetic data- additional to much higher AF demagnetisation treatments (see 
Sections 8.2.5 and 8.2.6) - is here regarded as a more reliable means of identifying 
diagnostic trends and polarity changes than relatively arbitrary designation arrived at 
directly from two-dimensional Zijderveld plots or median destructive fields. 
A3.10 
Appendix 3. Chronologic Methods 
Table A3.1. Magnetic data for East Lewis (EL) core; sample numbers refer to depth in 
cm. in the core. Column headings are explained in the caption for Table A3 .2. 
Sample Susc. NRM Intensity Treatment Vector MAD Lin'ty Intensity 
No. (;() Incl. (mA/m) Range trend Angle (mA/m) Polarity 
x 10·3 SI Incl. 
EL0029 -41.9 12.35 
EL0050 -30.7 3.36 AF2.5-l 10 -30.8 3.32 0.928 2.74 NORMAL 
EL0058 -28 16.73 AF2.5-AF50 -32.6 4 83 0.962 11.97 NORMAL 
ELOlOO 79.51 15.8 l.09 
EL0150 123.79 -6 l.91 AF2.5-AF15 -7. l 3.58 0.984 1.38 SHALLOW 
TH620-680 -18.1 0.01 1 0.49 NORMAL 
EL0190 132.54 -1 l.6 1.91 AF2.5-AF10 -7.8 1.56 1 l.57 SHALLOW 
Afl0-AF15 -28.9 11.7 0.94 0.19 NORMAL 
EL0215 -36.7 4.91 AF2.5-110 -38 6.72 0.9 3.97 NORMAL 
EL0300 -45 4.02 AF0-AF7.5 -56.9 9.76 0.94 1.6 NORMAL 
EL0420 -56.2 3.33 AF7.5-AF130 -49 2.37 0.98 2.08 NORMAL 
EL0480 -28.2 0.95 NRM-AF12.5 14.7 7.19 0.931 0.59 REV? 
AF! 7 .5-AF50 -25.5 7.7 0.91 0.29 NORMAL 
EL0530 130.93 -50.5 l.7 AFO-AF7.5 -52.5 4. 11 0.99 0.71 NORMAL 
TH620-680 -20.2 0 I 099 NORMAL 
EL0575 142.94 -30.5 0.84 AF2.5-AF7.5 -21.1 5.36 0.99 0.46 NORMAL 
AF7.5-AF15 -10.3 5.03 0.98 0.34 NORMAL 
AF15-AF20 -45 .4 12 0.94 0.1 NORMAL 
EL0620 145.33 -26.2 0.65 AFO-AF1 2.5 -25.7 5.98 0.95 0.34 NORMAL 
THl00-300 -37 9.15 096 0.33 NORMAL 
EL0660 156.05 -30.8 l.18 THl00-300 -43.6 6.02 0.98 0.84 NORMAL 
EL0675 153.09 -35.7 I.38 
EL0700 146.6 -34.5 0.42 
EL0725 165.45 -0.5 0.7 
EL0770 151.65 -11.7 0.89 
EL0775 152.81 -47.3 1.07 AF2.5-AF15 12 6 4.14 0.98 0.65 REVERSED 
Afl2-AF40 26.7 10.l 0.85 0.2 REVERSED 
EL0810 150.94 -1.5 0.954 NR.M-TH150 -9.2 9.93 0.92 0.84 SHALLOW 
TH!00-300 -37.3 12 0.94 0.34 NORMAL 
EL0825 152.47 29.8 0.59 NRM-TH150 - 12.8 6.39 0.94 0.31 NORMAL 
THI00-300 61.6 7.16 0.94 0.27 REVERSED 
TH300-620 41 5.29 0 .98 0.5 REVERSED 
EL0840 137.06 -71.1 0.6 
EL0850 94.88 -62.5 1.35 TH300-620 -17 6.41 0.96 2.36 NORM? 
EL0860 160.71 -27.1 0.52 TH300-680 -5.3 3.91 0.975 4.75 SHALLOW 
EL0875 162.78 -32.8 0.97 THl00-500 26 4.59 0.95 0.42 REVERSED 
EL0880 161.81 -7.6 1.32 THI00-500 38.6 8.57 087 0.41 REVERSED 
EL0900 172.27 9.1 0.69 AF2.5-AF7 .5 -25.3 8.96 0.96 0.13 NORMAL 
AF7.5-12.5 2.2 2.77 l 0.07 SHALLOW 
AF15-AF20 20.l 7.65 0.97 0.13 REVERSED 
AF70-AF110 -34.6 739 0.97 0.18 NORMAL 
EL0910 176.35 -3.4 1.62 NRM-TH500 -10.7 7.73 0.89 J.59 NORMAL 
EL0925 166.24 -4 1.97 NRM-TH300 -12 3.24 0.99 l.98 NORMAL 
TH300-620 6.2 7.58 0.96 1.95 SHALLOW 
EL0950 146.25 10.2 0.93 AF5-AF10 33.7 1.6 I 0.27 REVERSED 
AF40-AF90 -17.3 8.91 0.92 0.28 NORMAL 
AF90-AF160 -12.2 9 .36 0.94 0.26 NORMAL 
THIS0-620 60.4 8.57 0.89 0.28 REVERSED 
TH620-680 39.6 0.01 l 0.18 REVERSED 
EL0960 139.27 -4.2 0.73 NRM-TH150 -15.6 7.01 0.95 0.79 NORMAL 
TH300-620 14.5 5.06 0.98 1.35 REVERSED 
EL0980 141.68 9.9 1.37 THIS0-620 33.9 10.4 0.9 1 0.87 REVERSED 
ELIOOO 136.56 49.3 3.27 AF2.5-l7.5 4.2 10.9 0.93 0.36 REV? 
TH150-680 45.l 6.54 0.85 2.56 REVERSED 
EL1025 130.82 48.6 2.19 THl50-620 41.4 4.39 0.97 2.75 REVERSED 
ELI050 160.27 68.8 1.13 AFO-AF7.5 -3 6.61 0 75 0.56 SHALLOW 
THl00-620 52.7 6.02 0.9 1.51 REVERSED 
EL1080 135.99 55.6 2.42 TH300-620 49.l 2.83 0.99 2.88 REVERSED 
ELI 100 160.31 22.5 1.36 AF2.5-AF10 -0.6 4.7 0.99 0.63 SHALLOW 
ELI 140 130.47 29.2 1.05 NRM-AF25 25.4 5.5 0.9 0.75 REVERSED 
ELI 160 132.39 44.5 2.77 THl50-620 34.8 5.62 0.96 2.6 REVERSED 
ELI 195 143.47 62.7 l.94 THl00-680 56.7 5.95 0.91 I REVERSED 
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Table A3.2. Magnetic data for Lake Waudby (LW) core; sample numbers refer to depth 
in cm in the core. Susc. =magnetic suceptibility (x); the first NRM (Natural Remanent 
Magnetisation) measurement = primary NRM + secondary NRM, inclination angles 
only (no azimuthal declination angles for vertically-drilled core); Intensity= magnetic 
intensity (mA/m); Treatment: AF= alternating field, TH= thermal, with the main 
ranges of demagnetisation treatments identified from Principal Components Analysis 
(PCA); the Vector Trend Inclination refers to the angle for the selected range of 
measurements in the preceding column (where some or all of the secondary components 
ofNRM have been stripped from the sample); this is the inclination angle of the best-fit 
line identified for progressive demagnetisation data; MAD =maximum angle of 
deviation of the analysed trends identified by PCA; Lin'ty =Linearity of identified 
vectors in the PCA; the second intensity measurement is of the demagnetised sample 
after respective sets of treatments; Polarity identified from PCA of trends of data points 
approaching or intersecting the origin on analysed Zijderveld plots. 
Sample Susc. NRM Intensity Treatment Vector MAD Lin'ty Intensity 
No. (X) Incl. (mA/m) Range Trend Angle (mA/m) Polarity 
x10·3 SI Incl. 
LW002J 726.12 -40.5 70.07 
LW0083 167.73 -43.3 13.54 
LWOl68 220.06 -67.6 9.66 NRM-AFIO -61 7.18 0.969 10.14 NORMAL 
LW0218 253.89 -46.5 12.91 NRM-AF20 -47.3 1.64 0.996 12.83 NORMAL 
LW0250 179.12 -36.J 7.45 AF5-AF1 5 -53 .1 1.21 0.998 2.79 NORMAL 
LW0300 348.29 -63.6 24.63 NRM-AFIO -62. I 6.46 0.979 23.55 NORMAL 
AFl5-AF30 -48.I 4.29 0.957 3.28 NORMAL 
LW0360 72.29 -5.7 3.74 NRM-AFJO 0.3 9.03 0.961 4.23 SHALLOW 
AF1 5-AF30 26.2 7.6 0.961 0.37 REV? 
LW0440 143.22 -45 5.55 NRM-AF60 -43.2 4.19 0.978 5.54 NORMAL 
LW0500 117.71 -47.7 0.22 NRM-AFJO -18.4 11.8 0 .925 0.29 NORMAL 
AF30-AF40 30.7 0 I 1.08 ? 
AFIO-AF15 -36.1 0 I 0.25 ? 
LW0600 146.64 -30.3 1.05 NRM-AF20 -5.7 10.8 0.933 1.35 NORMAL 
LW0650 144.26 35 0.74 NRM-AF5 -16.8 9.63 0.898 0.28 ? 
AF20-AF30 39 11.9 0.935 0.15 REV? 
LW0700 125.68 50.8 0.47 AF7.5-l2.5 589 0.61 I 0.3 REV? 
AF20-AF40 31 6.49 0.966 0.19 REV? 
AFl 10-150 14.5 10.9 0.934 0.15 REV? 
LW0750 138.97 17.8 0.3 
LW0830 145.67 -4 .3 0.73 AF2.5-7.5 4.2 8.84 0.946 0.17 SHALLOW 
LW0900 129.66 -16.5 0.53 AF7.5-12.5 -33.5 1.27 0.999 0 .17 NORMAL? 
AF40-60 -61.6 0 1 0.02 NORMAL? 
LW0950 126.66 -26.1 0.43 NRM-AR5 -30.9 3.59 0.982 0.341 NORMAL? 
LWIOOO 129.33 -14 6 0.6 
LW1050 139.49 -32.6 1.06 AF2.5-AF20 -16.3 6.14 0.976 0.217 NORMAL 
AF40-AF70 -42.2 7 .14 0.976 0.217 NORMAL? 
LWlJOO 136.17 -41.5 0.52 
LW1150 138.03 -11.6 0.16 AF! 7 .5-AF30 18.3 1.51 0998 0.207 ? 
LW1200 133.65 -16.I 0.31 
LWl250 149.21 -66 0.35 
LWl300 144.13 47.8 0.5 NRM-AF7.5 22 7.73 0.955 0.164 REVERSED 
AF1 7.5-AF30 43 4.02 0.951 0.102 REVERSED 
LW1350 123.52 18.8 0.56 AF15-AF20 63.6 3.83 0.991 0.39 REVERSED 
AF40-70 52.7 11.9 818 0.147 REVERSED 
LWJ400 123.13 40.9 0.38 KRM-AF5 31.4 6.74 0.977 0.41 REV? 
AF7.5-12.5 -12 2.09 0.998 0.43 NORM? 
AF30-AF60 -30.1 9.91 0.936 0.14 ? 
LW1450 159.91 41.4 0.36 AF2.5-7.5 -22.7 6.39 0.956 0 107 ? 
LW1500 148.48 41 0.5 AF2.5-AF5 4.5 0 I 0 .373 SHALLOW 
AF60-AF90 -1.1 7.28 0.967 0.125 SHALLOW 
AF! 10-150 9 1.86 0.984 0.13 SHALLOW 
LW1550 149.95 0 .5 0.38 
A3.12 
Table A3.3. Magnetic data for Causeway Bluff (CB) profile; sample numbers correspond to steps from the top to the base of the profile 
h . Pl 8 1 C l h a· fl T bl A3 2 s ownm ate o umn ea mgs as or a e 
Sample Susc. (X) Initial Initial Intensity Treatment Vector Vector MAD Linearity Intensity 
No. x. 10·3 SI NRM Dec. NRM Incl. (mA/m) Range Trends Trends Angle (mA/m) Polarity 
Dec. Incl. 
CI301A 204.34 212.4 -54.6 10.57 
CBOIB 2 10.39 263.9 -47.9 10.61 
CBOI C 159.56 280.1 -58.3 13.08 
CB02A 90.18 221 .1 -64.9 3.04 NRM-AF40 232.6 -60.5 7.1 0.962 2.99 NORMAL 
Cl302B 106.98 287.2 -79.7 2.01 
CB02C 70.48 238.2 -27.5 1.3 
CD03A 84.55 284.8 -49.8 1.77 
CB03D 75.94 253.6 -53.4 1.8 NRM-AFIO 245.4 -56. l 10.5 0.918 1.756 NORMAL 
CB03C 107.2 208.9 -72.4 1.27 
CB04A 106.73 202. l -42.9 1.8 
CB04B 117.26 205.8 -48.7 2.44 
CI304C 120.65 186.3 -60.7 1.68 
CB05A 11 2.87 252.9 -57.4 2.27 NRM-AF7.5 202.8 -35.9 4.26 0.989 0.7 NORMAL 
CB05B 102.69 173.8 -57.6 2.52 
CBOSC 105.6 1 163.4 -72.4 1.96 
CB06A 85.38 212.2 -59.9 1.27 
CB06D 66.68 171.9 -48.9 1.11 
CB06C 118.2 189.2 -35.2 2.71 AFIO-AF20 211 -56.4 11.3 0.905 0.88 NORMAL 
CB07A 94.43 241 .I -33.7 0.68 
CI307B 75.04 185.5 -33.5 0 9 1 
C807C 119.88 148.9 -53. l 1.37 AF5-AFl2.5 110.5 -42.9 6.07 0.969 0.67 NORMAL 
CB08A 96.79 163.4 -48.5 0.8 AFl2.5-60 141.1 -51.9 9.04 0.909 0.461 NORMAL 
CB0813 99.31 185.9 -46.1 I.I I NRM-AF7.5 208.9 -41 .8 11.5 0.916 0.293 NORMAL 
AFl5-AF20 154.I -26.6 9.22 0.961 0.163 NORMAL 
CB08C 86.57 222.4 -41 .8 0.8 1 
CB09A 146.67 95. I -69.6 0.55 
CB09B 131 .2 286.4 -5 1.8 0.3 1 
CB09C 117.45 269.8 -73.3 1.58 
CBIOA 84.19 71.7 -29.8 1.71 
CB IOB 72.14 192.2 -5.4 I.I 
CBIOC 90.99 8 -43.5 1.4 
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Appendix 3.3. OPTICAL DATING 
A3.3.1. Introduction 
Optical dating is based on the measurement of optically stimulated luminescence (OSL) 
emitted by quartz and feldspar under laboratory illumination by visible and infrared 
light. This numeric dating method for Quaternary sediments measures the last exposure 
of quartz or feldspar grains to sunlight, i.e., the timing of burial of the sediment. Quartz 
only was used for the Lake Lewis basin study because of its less problematic 
phenomenology, and because the highly light-sensitive nature and more reliable 
resetting by light of quartz OSL (Spooner et al., 1988; Spooner 1994) makes this 
mineral well suited to the dating of unburnt sediment. Long-lived defects in quartz 
crystals can trap charges liberated by ionising radiation in the sedimentary setting, and 
the population of trapped charges slowly increases with time. These trapped charges can 
be released by exposure of the crystals to visible light. Optical dating involves 
measurement of the trapped charges accumulated since the sediment was last exposed to 
light. This is done by means of precise, incremental irradiations to construct a dose-
response curve (growth curve) from which the total radiation dose absorbed since 
resetting at the time of last exposure is calculated. The incremental radiation doses 
effectively enable assessment of the quartz's ability to store radiation and so 'calibrates' 
the radiation response of the quartz. The additive method adds increments of radiation 
on to the natural dose and the regenerative method administers similar increments of 
radiation to the sample after it has been reset by fully bleaching zeroed in the laboratory. 
More detail on the principles and development of the optical dating method is provided 
in Aitken (1998). 
Age evaluation is calculated from measurements of both the palaeodose (P) - the 
radiation dose accrued since burial - and the environmental dose-rate, measured in 
Grays (Gy): 
Age (ka) = Palaeodose (Gy) 
Environmental dose-rate (Gy/k:a) 
The specific optical dating technique used for the Lake Lewis study to measure P was 
the multiple-aliquot multiple-grain procedure termed the 'Australian slide' method 
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(Prescott et al., 1993). This procedure has proven to be reliable in situations where 
adequate quartz is available and pre-depositional bleaching can be assumed. 
A3.3.2. Sample collection and preparation 
Twelve sediment samples from Lake Lewis basin were collected in PVC coring tubes 
hammered into freshly excavated sediment exposures (sites shown in Fig. 8.6). Sub-
samples were collected for in situ water content measurement and laboratory assay of 
the radioisotope concentrations for calculation of the environmental dose-rate. Sodium 
iodide gamma-ray scintillometry readings were taken at some sites; those sites for 
which field gamma-ray measurements were not obtainable were sampled from 
exposures of homogeneous appearance and exceeding 0.6 m thickness, to enable the 
external gamma-ray contribution to be validly calculated from the measured 
radioisotope concentrations in the sediment. 
In the laboratory, quartz grains of 90-125 µm, or in the cases of samples 95016C and 
95016D of coarse-grained Derwent Creek sediment, 180-212 µm, were extracted from 
the sediment under low-intensity red light. The quartz separation procedure involved the 
following sequential treatments: 
• HCl acid (20%) digestion to remove carbonate, gypsum and other acid-soluble 
components; 
• multiple distilled water rinsings to remove HCl; 
• NaOH rinsings in an ultra-sonic bath to disaggregate clays; 
• H202 immersion to oxidise organic matter (if significantly present); rinsings in 
alcohol and acetone; air-drying; 
• sieving to separate the 90-125 µm or 180-212 µm fraction; 
• heavy liquid flotation (using sodium poly-tungstate, density < 2.68 g cm-3) to 
remove heavy resistate minerals; rinsings; 
• etching in 48% HF acid for 40 minutes to remove the outer 6-8 µm alpha-particle 
irradiated shell; 
• final rinsings in distilled water, alcohol, acetone and HCl to remove waste material 
and precipitated fluorides. 
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Luminescence measurements were in all cases performed on approximately 5-6 mg of 
etched quartz attached by silicone oil to the central 7 mm diameter of each of 128 
stainless steel discs. 
A3.3.3. Palaeodose measurement 
OSL measurements were carried out at the Research School of Earth Sciences at the 
Australian National University by N.A. Spooner, N. Hill and D. Questiaux. This work is 
documented by Spooner in English et al. (in press) from which most of the following 
information is extracted. All OSL measurements for palaeodose determination were 
undertaken using an Elsec Type 9010 automated reader with 500 ± 80 nm stimulation, 
and UV emissions detected by an EMI 9235QA photomultiplier tube optically filtered 
by one UG 11 and one U-340 filter. Irradiations were performed using an Elsec Type 
9022 beta irradiator containing a 100 mCi 90Srf9°y beta plaque and delivering a dose-
rate of 0.0432 ± 0.0013 Gy/s. 
The 'Australian slide' method combines data sets collected by both the multiple-aliquot 
additive-dose and regenerative-dose techniques in order to construct a composite growth 
from zero luminescence to saturation, with P found essentially by interpolation. This 
approach is particularly appropriate for samples in which the natural luminescence 
intensity is a significant fraction of the dose-saturation luminescence intensity. 
The multiple-grain multiple-aliquot additive-dose method involves an initial 
measurement of the natural OSL during a short illumination (typically < 0.5 mJ) for 
subsequent normalisation purposes, followed by laboratory irradiation, after which all 
aliquots receive simultaneous preheating at 220°C for 300 seconds in a purpose-built 
oven, prior to OSL measurement, which is of 300 seconds duration at 20°C. 
The multiple-aliquot regenerative-dose procedure differs from the additive-dose 
procedure in that following the normalisation exposures, 54 discs are reset by 8 hours 
exposure to an unfiltered 1000 W halogen lamp prior to dosing, the remaining 10 discs 
being reserved unbleached as 'naturals'. Following background subtraction and 
normalisation, the multiple-aliquot additive-dose and multiple-aliquot regenerative-dose 
growth curves were then combined to find the palaeodose using the fitting algorithm of 
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Prescott et al. (1993), in all cases based on a single-saturating exponential plus linear 
growth curve. A 'scaling factor' of 1.00 was determined using the 'Australian slide' 
software, indicating that the additive-dose and regenerative-dose data sets are 
appropriate to combine in this manner. 
A3.3.4. Dose-rate determination 
The U, Th and K concentrations in the bulk sediment were measured by neutron 
activation analysis and delayed neutron analysis, NAA/DNA (Becquerel Laboratories, 
Lucas Heights Science and Technology Centre), high-resolution Ge-gamma 
spectrometry (CSIRO Division of Land and Water, Canberra, Australia), and, for some 
of the samples, by field N al gamma-ray scintillometry. Cosmic ray dose-rates are 
calculated from Prescott and Hutton (1994). OSL data evaluation and results are 
presented in Sections 8.3.3 and 8.3.4. 
Appendix 3.4. AMINO ACID RACEMIZATION DATING 
The following background information on Amino Acid Racemization (AAR) is sourced 
from Rutter and Blackwell (1995) and Miller et al. (1997; 1999). 
Living proteins consist of purely L-type amino acids; after the organism dies, the L-
forms begin to slowly racemize into D-forms until the stable equilibrium D/L ratio is 
reached. About 3% complex organic compounds are incorporated in eggshells as an 
intracrystalline organic web in the dense calcite matrix. Racemization or epimerization 
of the common protein amino acid isoleucone preserved in proteinous residues follows 
first order, reversible linear kinetics. Expressed as the proportion of the non-protein D-
alloisoleucine to its protein source, L-isoleucine, D/L increases from near zero in 
modem eggshell to an equilibrium ratio of 1.30. Amino acid ratios in calcium carbonate 
of emu and other ratite eggshells have been used to date sites across inland Australian 
and also to derive palaeotemperatures from samples that have been dated by other 
methods such as accelerator mass spectrometry (AMS), 14C, thermal ionization mass 
spectrometry (TIMS) U-series analyses, and luminescence dates on sediment associated 
with the analysed eggshell (Miller et al., 1997; 1999). 
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AAR analysis involves mechanical cleaning of samples, removal of CaC03 with HCl, 
separation of L-isoleucine and the epimerization product D-alloisoleucene by ion-
exchange chromatography. D/L ratios are calculated as the ratio of the peak heights 
after electronic integration (Miller et al, 1997). 
Appendix 3.5. RADIOCARBON DATING 
Carbon has three isotopes in nature: 12C, which is common and stable, 13C, which is rare 
and stable, and 14C, which is rare and radioactive with a known decay-rate. The heavy 
carbon isotope 14C is unstable and decays radioactively into 14N, emitting a beta (Jr) 
particle that is measurable (Mazor, 1991). Carbon-14 is formed in the upper atmosphere 
by cosmic-ray interactions, it becomes oxidised and mixes with atmospheric C02. 
Terrestrial plants acquire carbon (14C, 12C, and 13C) through C02 exchange with the 
atmosphere during photosynthesis. The decline of 14C concentration commences when 
replenishment ceases upon the death of the plant ("time zero"), when the relative 
concentration of 14C starts decreasing through radioactive decay. The time elapsed since 
the death of a plant is calculated from the current 14C activity per gram of carbon and 
the decay rate (half-life) ofradiocarbon (Arnold, 1995). 
The 13C/12C stable isotope ratio incorporated during growth in plants does not change in 
time and its value in a sample can reflect the original 14C/12C value. The relative 13C/12C 
fractionation value, o 13C, is measured by mass spectrometry and the results are reported 
in terms of the PeeDee belemnite (PDB) 13CJ12C standard. Ao 13C value of -25%0 is 
used as a reference to define the age correction required to offset possible 14C/12C 
deviations in plants (Arnold, 1995). The basic method assumes equilibrium 14C/ 12C 
ratio, however, different plant types may have different starting ratios or may be 
modulated by environmental influences in which case o 13C age corrections are applied. 
In this regard, contrasting C3 and C4 plant types in the semi-arid zone are pertinent. 
Given that charcoal samples from the Derwent and Dashwood creek flood deposits are 
from within the riparian zones where Eucalyptus camaldulensis abound, it is assumed 
that here we are dealing with the more common C3 plant carbon systematics rather than 
C4 plant material that would require greater o 13C age corrections. Sample 
contamination by uptake of non-contemporaneous carbon is an additional consideration 
in the case of charcoal samples, particularly fine-grained disseminated charcoal as in 
these samples. 
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Analysis of the Derwent and Dashwood creek charcoal samples that had been collected 
by P. Patton and G. Pickup was carried out in 1992 at the Quaternary Dating and 
Research Centre, the Australian National University. Laboratory procedures included 
physical removal of extraneous material, removal of acid soluble contaminants with 
HCl, and removal of soil organic complexes with NaOH, with contamination from 
atmospheric C02 avoided during pre-treatments. The high surface area/volume ratio of 
micro-charcoal samples, such as the disseminated Derwent and Dashwood creek 
samples, may implicate substantial contamination by other organic material. This may 
not be wholly removed through conventional acid-base pre-treatment, as discussed by 
Gillespie et al. (1992) and may result in 14C ages that are younger than the depositional 
event. 
Analysis involved liquid-scintillation-counting of beta-particles as described by Gupta 
and Polach (1985). All ages were obtained as conventional radiocarbon ages using the 
5568 ± 30 year Libby half-life and reported as years BP (i.e., before 1950 AD) using the 
methodology of Stuiver and Polach (1977). Calibration of the 14C ages to calendar years 
was done using the OxCal version 3.5 program. 
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Appendix 4. Water Bore Data 
Table A4.1. Water bore data, grouped in registered numbers (RN) for each property. 
NAPPERBY 
RN BORE NAME MAP A.MG ELEV. AD SWL POTENT TDS 
m(AHD) metres metres m(AHD) mgL-1 
395 Gus sys GH 236453 558.0 6312 
1559 l'ew Well NAP 262456 562.0 8.55 7.52 554.48 5430 
1560 Owens Well NAP 260461 558.0 5.10 552.90 
1561 Herbert NAP 267465 563.0 3100 
1562 Blood wood NAP 276461 566.0 1980 
1566 Titra NAP 244454 559.0 s 4.60 4.60 554.40 1600 
1569 Sullivans MW 239484 573.0 8.30 3.80 569.20 3550 
3245 Sandys NAP 250472 560. l s 8.53 8.53 55 1.57 1009 
3958 Gift NAP 256455 559.0 13.30 3.90 555.10 10929 
5562 Sandys NAP 250472 560.1 s 14.00 9.02 551.08 990 
6865 Wallaby NAP 228485 556.0 7070 
10641 Tilmouth Well NAP 254476 566.1 s 21.83 16.45 539.65 3860 
10642 Tilmouth Well J\iAP 254475 566. 1 s 30.93 5450 
10643 Tilmouth Well NAP 259465 566.1 s 12.00 6.50 559.60 
10647 Tilmouth Well NAP 251473 566.1 s 12.56 9.57 546.53 2940 
10652 Tihnouth Well NAP 252474 566.1 s 12.56 1030 
10701 Tilmouth Well NAP 252475 566.1 s 11.06 1280 
10702 Tilmouth Well NAP 252473 566. l s 24.34 1610 
10704 Tilmouth Well NAP 252473 566.l s 18.24 13.00 553.10 1530 
10705 Sandys NAP 251472 560.1 s 12.50 9.21 550.89 6740 
10706 Sandys NAP 253475 560.1 s 18.66 1920 
10781 MW 237490 573.0 9.00 5.00 568.00 4460 
12628 Sandys 1\AP 251473 560.1 s 12.00 10.00 550.10 1890 
12629 Sandys NAP 251473 560.1 s 12.00 10.00 550.10 1570 
12630 Coppocks NAP 273472 575.0 22.00 18.00 557.00 2405 
13151 Witchetty MW 232492 575.0 8.00 6.30 568.70 1950 
13880 Sandys NAP 251473 560.1 s 23.00 7.50 552.60 920 
15668 Tilmouth Well ~AP 254475 566.1 s 19.00 14.80 551.30 962 
16883 Tanami Road NAP 261465 562.0 17.00 9.00 553.00 20900 
NARWIETOOMA 
R~ BORE NAME MAP AMG ELEV. AD SWL POTENT TDS 
m(AHD) metres metres m(AHD) mgL-1 
193 Narwie. Hstd. NAR 256429 581.0 21.35 559.65 1261 
343 Paddys GH 238435 582.7 s 18.00 564.70 901 
344 EJs NAR 273425 585.0 22.87 562.13 930 
465 Desert NAR 273440 562.8 12.20 1970 
1535 Tannin NAR 247425 600.0 44.50 555.50 995 
1539 Neds NAR 249418 618.0 48.10 569.90 1910 
1541 Kaditcha GH 235426 599.0 28.06 570.94 580 
1545 Pigeon GH 235416 630.0 32.33 597.67 750 
1547 Biggies NAR 256412 640.0 2200 
1852 Wilkie NAR 248446 559.0 9.10 7.62 551.38 3198 
1854 Lynch NAR 259447 559.0 6.70 4.88 554.12 2081 
3211 Queens Visit ~AR 265452 561.0 6.10 6.10 554.90 4160 
3854 Narwie. Hstd. NAR 256427 581.0 21.60 21 .35 559.65 1561 
3855 Claytons NAR 269440 563.0 12.30 13.10 549.90 1767 
3856 Alecs NAR 273451 564.0 10.36 10.30 553.70 2760 
4940 Narwie. Hstd. NAR 255427 581.0 24.70 20.82 560.18 870 
6501 Bunghara GH 230421 620.0 s 49.00 44.70 575.30 770 
6548 Bonanza GH 244422 602.0 37.00 34.14 567.86 1060 
6685 Cherokee GH 231430 597.0 47.80 31.70 565.30 680 
6726 Ritz GH 242428 592.0 21.60 20.74 571.26 
6727 Waddie GH 27424 612.0 44.75 43.30 568.70 
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6904 Kalahari NAR 272435 579.0 18.50 13.72 565.28 2000 
6905 Biomass NAR 268431 576.0 16.98 15.24 560.76 1390 
6914 Twiggy GH 437239 573.8 s 18.00 14.00 559.80 804 
6915 Sigmoid NAR 267447 560.0 13.88 9.30 550.90 5230 
6930 Symbiotic GH 231442 570.0 15.43 14.33 555.67 780 
6931 Lycoming GH 228437 582.0 27.70 26.23 555.77 1059 
6932 NW ofSymbio GH 229446 570.0 15.40 13.80 556.20 750 
6932 Bush GH 233447 569.0 15.43 13.72 555.28 750 
6933 Rex NAR 249439 564.0 18.52 15.43 548.47 1160 
6980 Narwie. Hstd. NAR 256428 581.0 43.21 27.44 553.56 
10280 Myall NAR 266747 670.0 37.80 632.20 1650 
10281 Christmas NAR 268413 640.0 49.40 47.00 593.00 1200 
10370 Biggies NAR 256412 640.0 51.00 46.00 594.00 2200 
10371 Narwie Hstd. NAR 255427 581.0 24.07 24.00 557.00 1320 
11207 Lignin NAR 254444 560.0 8.95 1180 
11522 NAR 277440 563.0 12.00 11.80 3120 
11523 One Pound NAR 256452 559.0 3.90 1.80 557.20 2640 
Jirruny 
11524 Kiwi NAR 260439 563.0 ND ND 987 
11525 Browse NAR 241447 563.7 s 3.60 560.10 770 
11526 Woody NAR 255420 619.0 46.30 572.70 660 
11527 Niche NAR 247434 581.0 30.80 18.29 562.71 
11529 Virga NAR 260431 576.0 14.94 561.06 
12030 Myall NAR 266407 670.0 80.00 72.00 598.00 1560 
12031 Myall NAR 266407 670.0 59.00 49.00 621.00 
12353 Rainbow NAR 269408 700.0 18.00 6.00 694.00 1050 
12911 NAR 269407 700.0 14.00 12.00 688.00 1020 
15004 Narwie. Hstd. KAR 256430 581.0 25.00 20.00 561.00 1575 
15005 Sigmoid NAR 267447 560.0 25.00 10.00 550.90 4280 
15397 Els NAR 273423 585.0 24.00 20.00 565.00 735 
15398 Woody NAR 256418 619.0 45.00 45.00 574.00 
15399 Neds NAR 249417 618.0 63.00 54.00 564.00 1860 
15400 Bonanza GH 244422 602.0 36.00 33.00 569.00 1005 
15401 Kaditcha GH 235425 599.0 38.00 25.00 574.00 753 
15402 Cherokee GH 231430 600.0 42.00 32.00 568.00 635 
15403 Browse GH 240447 563.7 12.00 9.00 554.70 810 
15404 Wilkie NAR 247446 559.0 12.00 10.00 549.00 3610 
15405 Lynch NAR 259447 559.0 10.00 9.00 550.00 1790 
15505 Sigmoid NAR 267447 560.0 12.00 10.00 550.00 4280 
15542 Christmas NAR 269412 560.0 56.00 47.00 1090 
DERWENT-GLEN HELEN 
RN BORENA.1\1E MAP AMG ELEV. AD SWL POTENT TDS 
m(AHD) metres metres m(AHD) mgL-1 
26 Bullocky GH 203417 630 699 
28 D'wood Cross GH 224416 635 62.80 1110 
635 Joker GH 194453 579 41.00 18.00 561.00 1270 
1264 Derwent Hstd. GH 208434 598 33.90 564.10 
1280 D'wood Cross GH 224416 635 72.00 60.00 575.00 1070 
2701 New Bore GH 218451 573 16.30 14.94 558.06 563 
3257 Left Bower GH 200437 596 60.00 36.00 560.00 954 
3270 Ace GH 210451 596 25.00 18.00 578.00 740 
5752 Derwent Hstd. GH 210451 598 40.12 39.20 558.80 1410 
5753 Bottom Well GH 215444 582 21.65 21.60 560.40 1110 
6470 Derwent Hstd. GH 208434 598 35.00 35.00 563.00 1540 
7177 Mikes GH 210445 585 40.12 39.63 545.37 820 
11936 David GH 217438 588 30.48 557.52 2190 
11937 Thelma GH 205425 614 30.48 583.52 475 
11938 Right Bower GH 213430 600 29.40 570.60 2660 
12914 Spears GH 209410 650 6.50 4.00 646.00 820 
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12927 Spears GH 208412 650 60.00 30.00 620.00 840 
14129 Left Bower GH 200437 596 60.00 36.00 560.00 954 
15481 Aunt Audreys MW 207462 578 20.00 18.00 560.00 1370 
15934 AGIP MW 207464 575 7.86 567.14 7850 
16348 GH 200414 638 30.80 1160 
16349 GH 200414 638 30.00 560 
16465 Bullocky GH 204417 630 40.00 35.00 595.00 
16466 Thelma GH 205426 614 63.00 37.00 577.00 458 
CENTRAL MOUNT WEDGE 
RN BORE NAME MAP AMG ELEV. AD SWL POTENT TDS 
m(AHD) metres metres m(AHD) mgL-1 
2143 Yungarra MW 209484 572 8035 
2144 Yarragan MW 198481 573 2220 
2148 CMWHstd. MW 208482 570 1440 
2149 Rabbit Hole MW 225485 556 5610 
2150 Rabbit Hole MW 225485 556 4950 
2671 CMW Hstd. MW 208482 570 1615 
6480 Gintys Road MW 203488 578 6.10 4.60 573.40 
6481 Yungarra MW 209484 572 6.17 4.60 567.40 6720 
6498 Bore 2 Gintys MW 205485 574 6.17 3.40 570.60 1200 
15503 Coppocks MW 207479 568 4510 
15504 Coppocks MW 207478 568 4.42 563.58 4510 
15931 MW 207477 560 4.75 555.25 
15932 MW 207476 560 4.64 555.36 54935 
15933 MW 207476 560 4.05 555.95 57995 
15936 AGIP MW 211479 560 7.92 552.08 52545 
15941 MW 227492 564 3.30 560.70 5485 
15942 MW 227492 564 7.28 556.72 5755 
15943 MW 227490 564 3.45 560.55 2165 
HAASTBLUFF 
RN BORE NAME MAP AMG ELEV. AD SWL POTENT TDS 
m(AHD) metres metres m(AHD) mgL-1 
4755 Haast Bl. GH 199418 635 27.60 24.69 610.31 893 
4756 Haast Bl. GH 199418 635 25.00 25.00 610 893 
4833 Haast Bl. GH 200414 635 25.30 22.22 612.78 335 
11170 Haast Bl. GH 196406 645 18.00 9.50 635.5 11990 
AMBURLA 
RN BORE NAME MAP AMG ELEV. AD SWL POTENT TDS 
m(AHD) metres metres m(AHD) mgL-1 
464 Mt Chapple NAR 285424 610 35.80 574.20 1350 
3898 No. 2 Desert AM 297448 580 14.70 565.30 1859 
6505 Charley NAR 290431 602 46.30 33.95 568.05 1520 
7375 Bloodwood NAR 281432 595 36.58 28.96 566.04 1860 
10769 Floodout NAR 292440 590 19.14 18.30 571.70 1620 
11330 Mt Chapple NAR 290423 615 600 
11648 No. 1 Desert NAR 286446 579 1040 
13974 Rubunja AM 306447 600 48.00 15.50 584.50 660 
16169 NAR 281445 579 24.00 14.00 565.00 1545 
Data from water bore logs housed at the Natural Resources Division, NT Dept. Lands, Planning and Environment, Alice Springs. 
NARWJET = NARWJETOOMA; DERWENT - GLEN HELEN stations are jointly leased; Central Mount Wedge (Native Title); 
Haast Bluff (Native Title). Map references relate to the 1 :100,000 map series (Figs. 1.4 and A4. l ): GH= GLEN HELEN, NAP= 
NAPPERBY, MW = MOUNT WEDGE, NAR = NARWIETOOMA, AM = AMBURLA. AMG =Australian Metric Grid. Ground 
level elevations (metres AHD) obtained from the l: l 00,000 maps and, where relevant, from survey data along the BMR 1985 
Seismic Line (S). AD= Aquifer Depth; SWL =Standing Water Level; Potent = Potentiometric Head (metres AHO); TDS = Total 
Dissolved Solids (milligrams per litre). Bore locations, numbers and names shovm in Figure A4. J. 
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Figure A4.1. Water bore 
location map. Data from the 
Natural Resources Division, 
NT Department of Lands, 
Planning & Environment. 
Grid references for water 
bores (Table A4. 1) relate to 
the 1: 100,000 map sheets 
outlined above (and Fig. 
l.4b). 
Table A4.2. Hydrochemistry data for piezometers, playa pits, and all bores. 
RN NAME TDS Cl Ca Mg Na K HC03 so. N03 Si02 Fe( tot) 
mg mg meq mg meq mg meq mg meq mg meq mg meq mg meq mg meq mg mg 
I Piczo A 1996 256000 126000 3554 586 29.2 1530 125.9 82500 3588.8 2870 73.4 102 I. 7 26000 541.3 14 0.23 4 
2 Piezo B 1996 250000 126000 3554 2190 109.3 2230 183.5 76500 3327.8 3090 79.0 98 1.6 27000 562. 1 13 0.21 4 
3 Piezo C 1996 195600 102000 2877 673 33.6 1200 98.7 74000 3219.0 2410 61.6 96 1.6 21000 437.2 12 0.19 6 
4 Piczo A 1999 206000 124000 3498 558 27.8 1530 125.9 76200 3314.7 3070 78.5 70 I. I 23200 483.0 5 
5 Piezo 8 1999 190000 122000 3442 539 26.9 1550 127.5 76000 3306.0 3030 77.5 76 1.2 23400 487.2 5 
6 Piezo C 1999 164000 95400 2691 651 32.5 1120 92.2 61600 2679.6 2530 64.7 75 1.2 17200 358. I 5 
9 Piezo D 1999 153000 81200 2291 708 35.3 908 74.7 53400 2322.9 2270 58.1 56 0.9 14300 297.7 3 
5 Pit l 1996 267000 120000 3385 406 20.3 2690 221.4 94000 4089.0 3300 84.4 32 0.5 31000 645.4 27 0.44 6 
6 Pit 2 1996 220000 120000 3385 491 24.5 2190 180.2 94000 4089.0 3050 78.0 62 1.0 29000 603.8 19 0.31 10 
7 Pit 4 1996 232000 130000 3667 520 25.9 2730 224.7 82000 3567.0 2590 66.3 27 0.4 26000 541.3 33 0.53 4 
8 Pit 5 1996 262000 146000 4119 362 18. l 3640 299.5 90000 3915.0 3720 95.2 58 1.0 32000 666.2 21 0.34 5 
9 Pit 6 1996 216000 125000 3526 485 24.2 3150 259.2 87000 3784.5 4350 l l 1.3 53 0.9 11000 229.0 22 0.35 6 
26 Bullocky 699 109 3 72 3.6 45 3.7 94 4.1 8 0.2 359 5.9 128 2.7 6 0.10 54 0.30 
28 Dashwood Cross 111 0 202 6 45 2.2 48 3.9 280 12.2 17 0.4 593 9.7 130 2.7 68 1.10 73 0.10 
193 Narwietooma 1 lstd. 1261 180 5 40 2.0 60 4.9 240 I 0.4 11 0.3 494 8.1 229 4.8 6 0.10 
343 Paddys 901 38 1 45 2.2 28 2.3 145 6.3 23 0.6 569 9.3 6 0. 1 7 0.11 40 0.02 
344 EJs 930 181 5 48 2.4 72 5.9 189 8.2 5 0.1 534 8.8 130 2.7 13 0.21 78 0.10 
464 Mt Chapple 1350 382 11 92 4.6 107 8.8 250 10.9 l l 0.3 436 7.1 290 6.0 14 0.23 44 0.20 
465 Desert 1970 662 19 120 6.0 92 7.6 374 16.3 36 0.9 295 4.8 330 6.9 37 0.60 80 2.70 
635 Joker 1270 298 8 78 3.9 53 4.4 309 13.4 21 0.5 342 5.6 320 6.7 21 0.34 68 0.10 
1280 Dashwood Cross 1070 197 6 34 l. 7 46 3.8 298 13.0 15 0.4 593 9.7 110 2.3 60 0.97 69 0.20 
1535 Tannin 995 299 8 16 0.8 45 3.7 275 12.0 14 0.4 378 6.2 115 2.4 3 0.05 50 0.10 
1539 Neds 1910 519 15 188 9.4 57 4.7 348 15. l 18 0.5 384 6.3 393 8.2 59 0.95 69 7.00 
1541 Kaditcha 580 34 I 48 2.4 29 2.4 98 4.3 22 0.6 482 7.9 34 0.7 18 0.29 74 0.20 
1545 Pigeon 750 118 3 56 2.8 40 3.3 146 6.4 7 0.2 494 8. 1 53 I. I 10 0.16 98 0.10 
1547 Biggies 2130 691 19 91 4.5 100 8.2 575 25.0 25 0.6 604 9.9 435 9.1 28 0.45 47 0.10 
1559 New Well 5430 2156 61 120 6.0 256 2 1.1 1385 60.2 153 3.9 470 7.7 950 19.8 125 2.02 94 0. 10 
1561 Herbert 3100 1061 30 73 3.6 99 8.1 844 36.7 132 3.4 625 10.2 536 I l.2 3 0.05 68 0.20 
1566 Titra 2300 854 24 76 3.8 48 3.9 675 29.4 48 1.2 610 10.0 190 4.0 47 0.76 70 0.20 
1569 Sullivans 3550 1559 44 120 6.0 76 6.3 1000 43.5 75 1.9 403 6.6 400 8.3 38 0.6 1 92 0.10 
1852 Wilkie 3198 1250 35 90 4.5 70 5.8 875 38. l 38 1.0 561 9.2 274 5.7 39 0.63 
1854 Lynch 2081 495 14 50 2.5 74 6.1 500 21.8 30 0.8 693 l 1.4 232 4.8 7 0.11 
2143 Yungarra 8035 1931 54 681 34.0 195 16.0 1410 61.3 270 6.9 292 4.8 2785 58.0 341 5.50 68 0.30 
2144 Yarragan 2220 317 9 206 10.3 71 5.8 338 14.7 37 0.9 168 2.8 990 20.6 0.00 72 0.10 
2148 CMW Hstd. 1440 360 10 86 4.3 48 3.9 274 11.9 51 1.3 287 4.7 278 5.8 80 1.29 90 0.10 
2149 Rabbit Hole 5610 2597 73 248 12.4 148 12.2 1575 68.5 110 2.8 293 4.8 900 18.7 62 1.00 91 0.10 
RN NAME TDS Cl Ca Mg Na K llC03 so4 N03 Si02 Fe(tot) 
mg mg meq mg meq mg meq mg meq mg meq mg meq mg meq mg meq mg mg 
2150 Rabbit Hole 4950 2129 60 192 9.6 114 9.4 1265 55.0 86 2.2 294 4.8 648 13.5 68 1.10 89 0.40 
2671 CMWHstd. 1615 425 12 80 4.0 37 3.0 338 14.7 54 1.4 282 4.6 309 6.4 80 l.29 80 0.30 
2701 New Bore 563 26 I 67 3.3 51 4.2 13 0.6 36 0.9 395 6.5 38 0.8 58 0.94 91 0.10 
3211 Queens Visit 4160 1605 45 94 4.7 129 10.6 1200 52.2 87 2.2 424 6.9 730 15.2 91 1.47 94 0.40 
3257 Left Bower 954 221 6 38 1.9 34 2.8 223 9.7 17 0.4 346 5.7 46 1.0 2 0,03 28 0.02 
3270 Ace 740 31 46 2.3 34 2.8 84 3.7 28 0.7 458 7.5 10 0.2 6 0.10 43 0.02 
3854 Narwietooma Hstd. 1050 240 7 64 3.2 85 7.0 165 7.2 10 0.3 478 7.8 131 2.7 15 0.24 78 0.50 
3855 Claytons 1767 570 16 104 5.2 91 7.5 355 15.4 40 1.0 294 4.8 287 6.0 25 0.40 
3856 A lees 2760 823 23 100 5.0 125 10.3 632 27.5 44 I. I 387 6.3 700 14.6 66 1.06 96 0.10 
3958 Gift 11 128 4650 131 262 13. l 317 26.I 41 1 6.7 1816 37.8 
4756 Haasts Bl. 893 140 4 90 4.5 44 3.6 104 4.5 9 0.2 372 6.1 131 2.7 2 O.o3 
4833 Haasts Bl. 335 29 I 61 3.0 11 0.9 18 0.8 4 0.1 192 3.2 48 1.0 0.02 46 0.60 
4940 Narwietooma Hst. 870 196 6 46 2.3 67 5.5 159 6.9 9 0.2 464 7.6 140 2.9 17 0.27 63 0.10 
5562 Sandys 990 231 7 56 2.8 34 2.8 220 9.6 45 1.2 467 7.7 94 2.0 23 0.37 103 0.10 
5752 Derwent Hstd. 1410 190 5 100 5.0 54 4.4 320 13.9 18 0.5 676 11.1 295 6.1 86 1.39 57 0.10 
5753 Bottom Well 1110 150 4 91 4.5 71 5.8 160 7.0 48 1.2 576 9.4 176 3.7 70 1.13 88 0.30 
6470 Derwent Hstd. 1540 220 6 75 3.7 49 4.0 370 16.1 25 0.6 644 10.6 345 7.2 76 1.23 58 0.10 
6481 Yungarra 6720 1421 40 673 33.6 170 14.0 1170 50.9 250 6.4 298 4.9 2460 51.2 365 5.89 80 0.10 
6498 Bore 2 Gintys 1200 340 10 84 4.2 42 3.5 247 10.7 40 1.0 325 5.3 191 4.0 36 0.58 85 0.70 
6501 Bunghara 770 100 3 71 3.5 38 3.1 109 4.7 13 0.3 466 7.6 14 0.3 3 0.05 33 0.02 
6505 Charley 1520 446 13 92 4.6 65 5.3 315 13.7 36 0.9 317 5.2 280 5.8 63 1.02 69 0.20 
6548 Bonanza 1060 289 8 102 5.1 49 4.0 174 7.6 33 0.8 372 6.1 150 3.1 28 0.45 53 0.30 
6685 Cherokee 680 44 l 60 3.0 27 2.2 134 5.8 17 0.4 515 8.4 72 1.5 25 0.40 62 0.30 
6865 Wallaby 7070 3216 91 233 11.6 162 13.3 2030 88.3 109 2.8 364 6.0 820 17.l 19 0.31 84 0.10 
6904 Kalahari 2000 725 20 127 6.3 99 8. 1 406 17.7 30 0.8 265 4.3 357 7.4 52 0.84 76 4.70 
6905 Biomass 1390 431 12 66 3.3 70 5.8 290 12.6 36 0.9 336 5.5 205 4.3 9 0. 15 84 7.60 
6914 Twiggy 804 40 I 31 1.5 26 2.1 137 6.0 25 0.6 485 7.9 6 0.1 11 0.18 43 0.02 
69 15 Sigmoid 4280 2058 58 204 10.2 272 22.4 1090 47.4 JOO 2.6 519 8.5 770 16.0 34 0.55 75 0.20 
6930 Symbiotic 780 135 4 51 2.5 34 2.8 139 6.0 18 0.5 398 6.5 84 1.7 5 0.08 59 
6931 Lycoming 1059 357 10 93 4.6 63 5.2 170 7.4 20 0.5 287 4.7 39 0.8 6 0. 10 24 0.02 
6932 Bush 750 116 3 55 2.7 27 2.2 133 5.8 20 0.5 356 5.8 98 2.0 0.00 57 
6933 Rex 1160 340 10 44 2.2 43 3.5 253 11.0 30 0.8 305 5.0 102 2. 1 37 0.60 78 
7177 Mikes 820 105 3 74 3.7 51 4.2 123 5.4 41 1.0 525 8.6 90 1.9 28 0.45 88 0.80 
7375 Blood wood 1860 588 17 104 5.2 90 7.4 350 15.2 38 1.0 299 4.9 330 6.9 43 0.69 76 1.00 
10280 Myall 1650 451 13 62 3. 1 44 3.6 520 22.6 13 0.3 611 10.0 308 6.4 12 0.19 62 0.10 
10281 Christmas 1200 265 7 41 2.0 81 6.7 271 11.8 14 0.4 573 9.4 194 4.0 12 0.19 48 1.50 
10370 Biggies 2200 647 18 140 7.0 120 9.9 480 20.9 20 0.5 558 9.1 520 10.8 32 0.52 33 0.10 
10371 Narwietooma Hstd. 1320 368 10 82 4.1 122 10.0 194 8.4 9 0.2 470 7.7 206 4.3 25 0.40 80 0.10 
10641 Tilmouth Well 3860 1777 50 89 4.4 108 8.9 1070 46.5 95 2.4 317 5.2 300 6.2 23 0.37 86 7.50 
RN NAME TDS Cl Ca Mg Na K HC03 S04 N03 Si02 Fe(tot) 
mg mg meq mg meq mg meq mg meq mg meq mg meq mg meq mg meq mg mg 
10642 Tilmouth Well 5450 2444 69 232 11.6 158 13.0 1415 61.6 118 3.0 284 4.7 760 15.8 27 0.44 51 6.70 
10647 Tilmouth Well 2940 1194 34 9 0.4 8 0.7 1115 48.5 43 I. I 555 9.1 276 5 7 28 0.45 70 
I 0652 Tilmouth Well 780 26 I 4 0.2 I 0.1 242 10.5 16 0.4 503 8.2 36 0.7 37 0.60 95 
10702 Tilmouth Well 1610 532 15 7 0.3 4 0.3 580 25.2 29 0.7 560 9.2 128 2.7 23 0.37 74 
10704 Tilmouth Well 1530 427 12 12 0.6 7 0.6 516 22.4 26 0.7 647 10.6 130 2.7 14 0.23 72 
10705 Sandys 6740 3288 93 60 3.0 70 5.8 2300 JOO. I 100 2.6 332 5.4 650 13.5 58 0.94 49 0.30 
10706 Tilmouth Well 1920 728 21 72 3.6 58 4.8 500 21.8 60 1.5 450 7.4 170 3.5 12 0.19 83 
I 0769 Flood out 1620 543 15 97 4.8 69 5.7 346 15. I 27 0.7 331 5.4 280 5.8 7 0.11 46 13.00 
10781 4460 2037 57 216 10.8 86 7.1 1195 52.0 79 2.0 277 45 460 9.6 34 0.55 72 0.90 
11170 Haasts Bl. 11 990 4400 124 1002 50.0 632 52.0 1740 75.7 149 3.8 293 4.8 2550 53.1 11 0.18 
11207 Lignin 1180 325 9 71 3.5 42 3.5 264 11.5 20 0.5 409 6.7 11 8 2.5 75 1.21 97 2.60 
11330 Mt Chapple 600 93 3 39 1.9 61 5.0 90 3.9 5 0.1 482 7.9 93 1.9 8 0. 13 78 0.30 
11522 near Claytons 3120 1068 30 152 7.6 130 10.7 676 29.4 47 1.2 281 4.6 690 14.4 42 0.68 83 0.20 
11523 One Pound Jimmy 2640 921 26 116 5.8 110 9.1 600 26.1 43 I.I 378 6.2 360 7.5 73 1.18 72 1.40 
11524 Kiwi 987 245 7 46 2.3 46 3.8 220 9.6 16 0.4 359 5.9 170 3.5 58 0.94 70 0.10 
11526 Woody 660 110 3 38 1.9 56 4.6 124 5.4 3 0.1 450 7.4 53 I. I 15 0.24 65 l.00 
11648 No. I Desert 1040 270 8 60 3.0 45 3.7 233 JO.I 26 0.7 409 6.7 128 2.7 37 0.60 88 0.20 
11936 David 2190 820 23 160 8.0 120 9.9 390 17.0 42 I. I 291 4.8 300 6.2 14 0.23 77 0.40 
11937 Thelma 475 33 I 60 3.0 36 3.0 38 I. 7 16 0.4 346 5.7 57 1.2 16 0.26 69 0.50 
11938 Right Bower 2660 845 24 272 13.6 153 12.6 364 15.8 39 1.0 344 5.6 545 11.3 12 0.19 69 0.90 
12030 Myall 1560 475 13 27 1.3 44 3.6 528 23.0 16 0.4 567 9.3 263 5.5 3 0.05 25 
12353 Rainbow 1050 232 7 80 4.0 80 6.6 193 8.4 11 0.3 686 11.2 58 1.2 2 0.03 91 0.70 
12628 Sandys 1890 606 17 25 1.2 11 0.9 688 29.9 31 0.8 667 10.9 130 2.7 31 0.50 75 6.80 
12630 Coppocks 2405 960 27 68 3.4 87 7.2 630 27.4 77 2.0 403 6.6 300 6.2 31 0.50 88 0.10 
12911 Rainbow 1020 200 6 60 3.0 68 5.6 183 8.0 30 0.8 616 10.I 71 1.5 2 O.o3 78 2.50 
12927 Spears 840 98 3 60 3.0 45 3.7 181 7.9 11 0.3 628 10.3 76 1.6 9 0.15 82 0.10 
13151 Witchctty 1950 630 18 118 5.9 36 3.0 498 21.7 47 1.2 62 1.0 350 7.3 62 1.00 81 0.10 
13880 Sandys 920 166 5 32 1.6 15 1.2 254 I 1.0 43 I. I 505 8.3 48 1.0 39 0.63 82 1.90 
15004 Narwictooma Hstd. 1575 451 13 79 3.9 111 9.1 268 11.7 12 0.3 432 7.1 309 6.4 2 0.03 72 0.50 
15005 Sigmoid 4280 1750 49 151 7.5 166 13.7 1090 47.4 48 1.2 417 6.8 690 14.4 38 0.61 49 0.10 
15397 EJs 735 113 3 36 1.8 52 4.3 145 6.3 4 0.1 476 7.8 83 1.7 15 0.24 75 
15399 Neds 1860 500 14 156 7.8 65 5.3 332 14.4 27 0.7 302 4.9 458 9.5 78 1.26 75 1.30 
15400 Bonanza 1005 325 9 60 3.0 50 4.1 170 7.4 27 0.7 195 3.2 151 3.1 33 0.53 48 
15401 Kaditcha 753 51 I 29 1.4 27 2.2 123 5.4 15 0.4 464 7.6 7 0.1 11 0. 18 27 0.02 
15402 Cherokee 635 79 2 45 2.2 29 2.4 127 5.5 19 0.5 440 7.2 70 1.5 25 0.40 64 
15403 Browse 810 130 4 34 1.7 30 2.5 186 8.1 26 0.7 451 7.4 120 2.5 31 0.50 72 0.10 
15404 Wilkie 3610 1600 45 110 5.5 84 6.9 1030 44.8 42 I. I 398 6.5 330 6.9 71 1.15 91 3.20 
15405 Lynch 1790 530 15 46 2.3 81 6.7 466 20.3 23 0.6 584 9.6 264 5.5 48 0.77 78 2.80 
15481 Aunt Audreys 1370 418 12 47 2.3 47 3.9 331 14.4 34 0.9 34 1 5.6 210 4.4 63 1.02 86 0.10 
RN NAME TDS Cl Ca Mg Na K HC01 S04 N03 Si02 Fe( tot) 
mg mg meq mg mcq mg meq mg mcq mg mcq mg meq mg meq mg meq mg mg 
15504 Coppocks 4510 1600 45 146 7.3 104 8.6 1145 498 112 2.9 490 8.0 883 18.4 57 0.92 85 0.50 
15542 Christmas 1090 240 7 42 2.1 77 6.3 267 11.6 13 0.3 555 9.1 190 4.0 27 0.44 59 0.10 
15668 Tilmouth Well 962 170 5 18 0.9 11 0.9 294 12.8 24 0.6 566 9.3 93 1.9 14 0.23 89 0.10 
15932 54935 25725 726 1886 94.I 1040 85.6 15280 664.7 700 17.9 176 2.9 9152 190.5 25 0.40 37 1.70 
15933 57995 25220 711 960 47.9 1800 148.I 16080 699.5 736 18.8 188 3.1 10473 218.0 16 0.26 34 2.50 
15934 AGIP 7850 3395 96 135 6.7 207 17.0 2366 102.9 99 2.5 147 2.4 1472 30.6 11 0.18 26 4.00 
15936 AGIP 52545 22068 623 620 30.9 1660 136.6 15520 675.1 520 13.3 355 5.8 11390 237. I 17 0.27 24 4.00 
15941 5485 2475 70 122 6.1 l 12 9.2 1620 70.5 92 2.4 439 7.2 771 16.I 3 0.05 52 2.30 
15942 S755 2474 70 206 10.3 11 l 9.1 1546 67.3 86 2.2 521 8.S 612 12.7 11 0.18 24 0.10 
15943 2165 1164 33 SS 2.7 30 2.5 633 27.S 53 1.4 13 0.2 88 1.8 3 0.05 2 2.60 
16169 154S 466 13 87 4.3 89 7.3 279 12.1 4S 1.2 431 7.1 243 S. l S9 0.95 71 13.90 
16348 1160 398 11 94 4.7 63 5.2 219 9.S 10 0.3 3Sl 5.8 282 5.9 4 0.06 61 0.30 
16349 560 102 3 80 4.0 30 2.S 57 2.5 6 0.2 228 3 7 111 2.3 5 0.08 49 2.90 
16466 Thelma 458 40 l 54 2.7 35 2.9 49 2.l 15 0.4 322 5.3 71 1.5 16 0.26 60 5.70 
16883 Tanami Rd 20900 9560 270 694 34.6 499 41.1 6410 278.8 387 9.9 391 6.4 5300 110.4 61 0.98 37 0.20 
RN = Registered number. Analyses arc in milligrams per litre (mg) and milliequivalents per litre (mcq). Data includes sampled bores in Table 6.1. Analyses by NT 
Department of Lands, Planning and Environment, Water Chemistry Laboratory, except those designated otherwise in Table 6.1. Analytical techniques described in 
Appendix 2.3. TDS =Total Dissolved Solids; fe analyses are for Total Fe (discussed in Section 6.5). Bore locations shown in Fig. A4. l; Grid references for bores 
given in Table A4. l. 

